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ABSTRACT
The p o s s i b l e  e x i s t e n c e  of  a rhythm in  s e n s i t i v i t y  t o  methyl 
p a r a t h i o n  in  t h e  b o l l  w e e v i l ,  Anthonomus g r a n d i s  Boheman, and th e  
house  f l y ,  Musca dom es t ica  L . , was i n v e s t i g a t e d .  A p p l i c a t i o n  o f  
t o x i c a n t  a t  one-  and t h r e e - h o u r  i n t e r v a l s  t o  two s t r a i n s  o f  b o l l  
w e e v i l s  r e a r e d  and c o n d i t i o n e d  a t  1 0 - ,  14- ,  and 24-hour  p h o to p e r io d s  
was made by b o th  r e s i d u a l  f i l m  and t o p i c a l  a p p l i c a t i o n .  A l l  s e n s i ­
t i v i t y  s t u d i e s  on house f l i e s  (one s t r a i n )  were conducted  u s in g  th e  
t o p i c a l  a p p l i c a t i o n  t e c h n iq u e .
There  was l i t t l e  ev idence  to  s u p p o r t  t h e  e x i s t e n c e  o f  a 
rhythm in  s e n s i t i v i t y  to  methyl  p a r a t h i o n  i n  t h e  b o l l  w eev i l  and 
no ev id e n c e  o f  such a rhythm in  th e  house f l y .
I n  one s t r a i n  o f  b o l l  w e e v i l s  r e a r e d  a t  a 14-hour  p h o to p e r io d  
and t r e a t e d  by t o p i c a l  a p p l i c a t i o n  t e c h n i q u e ,  t h e r e  appeared  to  be 
a rhythm in  s e n s i t i v i t y  w i th  g r e a t e s t  r e s i s t a n c e  a t  dawn and a t  s i x -  
hour  i n t e r v a l s  t h e r e a f t e r .  However, th e  v a r i a t i o n  from h ig h  to  low 
m o r t a l i t y  was o n ly  about  24 p e r  c e n t .
A lso ,  w e e v i l s  from th e  10-hour  p h o to p e r io d  t r e a t e d  u s in g  the  
r e s i d u a l  f i l m  t e c h n iq u e  appeared  to  be l e s s  s u s c e p t i b l e  a t  dawn, 
b u t  t h e r e  was no e v id en ce  o f  a r e c u r r e n c e  o f  t h i s  d e c re a se d  s u s c e p t i ­
b i l i t y  s ix - h o u r s  l a t e r .  F u r th e rm o re ,  comparisons  o f  hD^Qis o b ta in e d  
from w e e v i l s  from th e  14-hour  p h o to p e r io d  u s in g  th e  t o p i c a l  a p p l i c a t i o n  
te c h n iq u e  r e v e a l e d  t h a t  the  LD50 computed f o r  the  t r e a t m e n t  a t  dawn
ix
was s i g n i f i c a n t l y  l e s s  th a n  th e  L ^ Q t g  computed f o r  t r e a t m e n t s  t h r e e  
and s i x  hou rs  l a t e r .  There was no i n d i c a t i o n  o f  a rhythm in  s e n s i ­
t i v i t y  i n  a n o th e r  b o l l  w ee v i l  s t r a i n .
The e f f e c t s  o f  age on t h e  s u s c e p t i b i l i t y  o f  b o l l  w e e v i l s  
and house  f l i e s  to  methyl  p a r a t h i o n  showed t h a t  i n  bo th  i n s e c t s  
t o l e r a n c e  to  methyl  p a r a t h i o n  i n c r e a s e d  w i t h  age.  I t  was a l s o  
d em o n s t ra ted  t h a t  d a t a  o b t a in e d  by d i f f e r e n t  t e c h n i c i a n s  u s in g  th e  
same equipment and t e c h n iq u e s  can be s i g n i f i c a n t l y  d i f f e r e n t .
INTRODUCTION
S e v e r a l  o c c u r re n c e s  o f  rhy thm ic  changes  in  th e  s u s c e p t i b i l i t y  
o f  a r th ro p o d s  to  t o x i c a n t s  have been r e p o r t e d .  S e n s i t i v i t y  rhythms 
have been r e p o r t e d  by Beck (1963) f o r  German cockroach  m ales ,  B l a t t e l l a  
germanica  L. (DDT, d i m e t i l a n ,  and p o ta s s iu m  c y a n id e ) ,  by P o l c i k  e_t a l . 
(1964) f o r  t h e  tw o - s p o t t e d  s p i d e r  m i te  T e t ran y ch u s  u r t i c a e  (Koch) 
(DDVP), by N o w o s ie lsk i  e t  a K  (1964) f o r  t h e  house c r i c k e t ,  G r y l lu s  
dom es t icus  L. and t h e  t w o - s p o t t e d  s p i d e r  m i t e ,  T. u r t i c a e  (Koch)
( e t h e r ,  c h lo ro fo rm ,  and ca rbon  t e t r a c h l o r i d e ) ,  and by Cole and Adkisson 
(1964) f o r  a d u l t  b o l l  w e e v i l s ,  Anthonomous g r a n d i s  Boheman (methyl 
p a r a t h i o n ) .  These au th o r s  found t h a t  t h e  s e n s i t i v i t y  rhythms were 
a p p a r e n t l y  sy n ch ro n ize d  by h o ld in g  t h e  an im als  under  a d e f i n i t e ,  
d a i l y  l i g h t - d a r k  regimen,  b u t  th ey  d id  n o t  r e p o r t  any com para t ive  
work w i th  u n e n t r a i n e d  an im a ls .  S e v e ra l  o f  th e  a u th o r s  d id  p o i n t  out 
t h a t  t h e  o c c u r r e n c e  o f  such  s e n s i t i v i t y  rhythms shou ld  be c o n s id e re d  
i n  b i o a s s a y  systems and to x i c o l o g y  prob lem s.
. Beck (1963) obse rved  an a p p a re n t  phase  r e l a t i o n s h i p  between 
th e  r e s p i r a t o r y  and c y a n i d e - s e n s i t i v i t y  rhythms i n  r o a c h e s ,  b u t  no 
s p e c i f i c  p h y s i o l o g i c a l  mechanisms were i d e n t i f i e d  i n  any o f  t h e  o t h e r  
examples c i t e d .  The s e n s i t i v i t y  rhythm i n  a l l  o f  th e  an imals  
p r e v i o u s l y  mentioned (excep t  th e  b o l l  w e e v i l )  appeared  to  be c o r r e ­
l a t e d  to  t h e i r  a c t i v i t y  c y c l e s  r e s u l t i n g  i n  ap p ro x im a te ly  a 12-h o u r  
d i f f e r e n c e  i n  maximum and minimum s e n s i t i v i t y .  The p e r io d  o f  g r e a t e s t
1
2s e n s i t i v i t y  g e n e r a l l y  o c cu r red  d u r in g  t h e  g r e a t e s t  p e r io d  o f  a c t i v i t y .  
The type  o f  t o x i c a n t  used i n  t h e s e  s t u d i e s  appeared  to  have no e f f e c t  
on th e  s e n s i t i v i t y  c y c l e .  For  i n s t a n c e ,  Beck (1963) o b t a in e d  t h e  same 
r e s u l t s  vising DDT (a c h l o r i n a t e d  h y d r o c a rb o n ) ,  d i m e t i l a n  (a  c a rb a m a te ) ,  
and p o ta s s iu m  cy an id e  (a f u m ig a n t ) .
Tn th e  case  o f  th e  b o l l  w e e v i l ,  Cole  and Adkisson (1964)
r e p o r t e d  a s i x - h o u r  s e n s i t i v i t y  c y c l e  to  methyl p a r a t h i o n ,  an organo-  
phospha te  i n s e c t i c i d e .  The p e r io d s  o f  minimum s e n s i t i v i t y  o ccu r re d  
a t  dawn and e v e r y  s i x  hours  t h e r e a f t e r  th ro u g h o u t  the  day.  A lso ,  
t h i s  rhythm d i d  n o t  appear  t o  be r e l a t e d  t o  th e  a c t i v i t y  o f  t h e
i n s e c t ,  s i n c e  i t  i s  g e n e r a l l y  a c c ep te d  t h a t  t h e  b o l l  w e e v i l  i s  more
a c t i v e  d u r in g  d a y l i g h t  h o u rs .
S i m i l a r  s e n s i t i v i t y  c y c l e s  i n  mice have been n o ted  to  a wide 
v a r i e t y  o f  ch em ica ls  such as e t h a n o l  (Haus and H a lbe rg ,  1959),
Ouabain (Halberg  e t  a l . ,  1959) ,  E s c h e r i c h i a  c o l i  e n d o to x in  (Halberg 
al_., 1960) ,  and SU-4885, an a d r e n o c o r t i c a l  i n h i b i t o r  ( E r t e l  e t  a l .  , 
1963).
The e x i s t e n c e  o f  s e n s i t i v i t y  rhythms t o  t o x i c a n t s  i n  b o th  
v e r t e b r a t e s  and i n v e r t e b r a t e s  cou ld  be o f  g r e a t  im por t .  Drugs cou ld  
p o s s i b l y  be a d m i n i s t e r e d  a t  t h e  t ime o f  day o f  g r e a t e s t  r e s i s t a n c e  
i n  humans o r  v a l u a b l e  dom es t ic  a n im a l s .  I n s e c t i c i d e s  cou ld  p o s s i b l y  
be a p p l i e d  in  a more e f f e c t i v e  manner t o  c o n t r o l  c e r t a i n  p e s t s .
Perhaps  t h e  amount o f  t o x i c a n t  cou ld  be reduced  i n  some c i r c u m s ta n c e s  
and t h e r e b y  l e s s e n  t h e  r e s i d u e  problem. C e r t a i n l y  such rhythms could  
d e l e t e r i o u s l y  a f f e c t  t h e  r e s u l t s  of  l a b o r a t o r y  s c r e e n i n g  o f  i n s e c t i ­
c id e s  and r e s i s t a n c e  s t u d i e s .  N e c e s s a r i l y ,  c o n s id e r a b l e  r e s e a r c h  
must be conduc ted  b e f o re  such p r a c t i c a l  a p p l i c a t i o n  can ..be made.
The p r im ary  o b j e c t i v e  o f  t h i s  s tu d y  was t o  d e te rm in e  i f  a 
s e n s i t i v i t y  rhythm t o  methyl p a r a t h i o n  cou ld  be d em o n s t ra te d  i n  the  
b o l l  w e e v i l  and th e  house f l y ,  and i f  found t o  be p r e s e n t ,  t o  d e f i n e  
th e  rhythm as i t  r e l a t e d  t o  t o x i c o l o g i c a l  and b i o l o g i c a l  s t u d i e s  o f  
t h e s e  i n s e c t s .
REVIEW OF LITERATURE
Rhythms o f  one form o r  a n o t h e r  a f f e c t  n e a r l y  a l l  p l a n t  and 
animal  l i f e .  These phenomena a r e  known to  have been s t u d i e d  as 
e a r l y  as 1729, when DeMairan d e m o n s t r a te d  d i u r n a l  p e r i o d i c  l e a f  
movements.  Cloudsley-Thompson (1961) s t a t e s  t h a t  r h y t h m i c i t y  i s  
c h a r a c t e r i s t i c  o f  n a t u r e .  A l l  components o f  t h e  e a r t h  a r e  con­
t i n u a l l y  moving, and such  movement canno t  p roceed  in  t h e  same d i r e c t i o n  
f o r e v e r  w i t h o u t  com ple t ing  a c i r c l e  o r  s to p p in g  and r e t u r n i n g  in  
t h e  o p p o s i t e  d i r e c t i o n .
A c t i v i t y  rhythms have r e c e i v e d  most a t t e n t i o n  i n  p a s t  y e a r s .
Gunn (1940) r e p o r t e d  such a rhythm in  t h e  two c o c k ro a c h e s ,  B l a t t a  
o r i e n t a l l s  L. and P e r i p l a n e t a  am er icana  ( L . ) .  A lso ,  Harker  (1961) 
found t h a t  th e  a c t i v e  phase  o f  P. a m e r i c a n a . which  n o rm a l ly  occu rs  
a t  n i g h t ,  s h i f t e d  to  day t im e  when th e  l i g h t  and d a rk  p e r i o d s  were 
r e v e r s e d .  P i t t e n d r i g h  (1960) has  made numerous rh y th m ic  i n v e s t i ­
g a t i o n s  w i t h  s e v e r a l  i n s e c t s .
Although rhythms,  as such ,  have been s t u d i e d  f o r  many y e a r s ,  
i t  has  o n ly  been  d u r in g  th e  p a s t  decade t h a t  s e n s i t i v i t y  rhythms 
have come i n t o  fo c u s .  Halberg  ^it a l .  (1959) ,  working w i th  mice,  
d id  much o f  t h e  o r i g i n a l  r e s e a r c h  on s e n s i t i v i t y  rhythms.  Halberg  
£ t  a K  (1959) ,  Haus and Halberg  (1959) ,  and E r t e l  e t  a l . (1963) 
have a l l  d em o n s t ra ted  s e n s i t i v i t y  rhythms in  mice to  v a r i o u s  t o x i c a n t s .
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H alb e rg  e t  a l .  (1959) ,  i n  a s e r i e s  o f  f o u r  exper im en ts  each
i n v o l v i n g  about  140 male mice found a s e n s i t i v i t y  rhythm to  t h e
t o x i c a n t  Ouabain.  The mice were 4 to  5 months o l d ,  and were k e p t
under  c o n d i t i o n s  s t a n d a r d i z e d  f o r  p e r i o d i c i t y ,  in  l i g h t  from 6 A.M.
¥
t o  6 P .M .,  a l t e r n a t i n g  w i th  12 hours  o f  d a r k n e s s .  The mice were 
t r e a t e d  by i n t r a p e r i t o n e a l  i n j e c t i o n  a t  f o u r - h o u r  i n t e r v a l s  s t a r t i n g  
a t  8 A.M. They found t h a t  peak m o r t a l i t y  o c c u r re d  a t  8 A.M. o r  12 
noon,  and t h a t  t h e  p e r c e n ta g e s  o f  d e a th s  a t  t h e s e  t imes  were s i g n i f i ­
c a n t l y  h i g h e r  th an  th e  co r re s p o n d in g  v a l u e s  a t  12 m id n ig h t .  They 
s t a t e d  t h a t  th e  p h y s io l o g i c  24-hour  rhythms may c r i t i c a l l y  a f f e c t  th e  
chances  o f  s u r v i v a l  from exposu re  to  nox ious  a g e n t s .
Haus tit. a l .  (1959) i n  o t h e r  t e s t s  w i th  mice i n j e c t e d  ( i n t r a -  
p e r i t o n e a l l y )  w i th  e t h a n o l  s o l u t i o n  a t  f o u r - h o u r  i n t e r v a l s  showed 
a 24-hour rhythm i n  s u s c e p t i b i l i t y .  Here ,  over  50 p e r  c e n t  o f  th e  
mice i n j e c t e d  i n  one phase  o f  rhythm d ie d  from t h e  i n j e c t i o n ,  compared 
to  o n ly  30 p e r  c e n t  o f  th o se  mice i n j e c t e d  in  a n o th e r  p h a se ,  12 hours  
e a r l i e r  o r  12 hours  l a t e r .  These mice were c o n d i t i o n e d  f o r  a t  l e a s t  
s even  days p r i o r  to  each  exper im en t  i n  l i g h t  phases  from 6 A.M. to  
6 P.M. The p e r i o d s  o f  g r e a t e s t  s u s c e p t i b i l i t y  were a t  4 P.M. and 
8 P.M. whereas  the  g r e a t e s t  r e s i s t a n c e  o c c u r re d  a t  4 A.M. and 8 A.M. 
They conc luded  t h a t  w i t h  r e s p e c t  to  th e  t im in g  o f  th e  24-hour  rhythm 
t o  s u s c e p t i b i l i t y ,  t h e  c lo c k  h our  as such i s  no t  l i k e l y  to  c o n s t i t u t e  
an im p o r ta n t  c o n s i d e r a t i o n .  The dominant  s y n c h ro n iz e r  appeared  to  
be th e  12-hour  a l t e r n a t i o n  o f  l i g h t  and d a rk n ess  d u r in g  each 24 hours  
to  which th e  mice were exposed p r i o r  to  s tu d y  and d u r in g  th e  exper im en t .
H alberg  e t  a l .  (1960) r e p o r t e d  a s u s c e p t i b i l i t y  rhythm in  
mice t o  E s c h e r i c h i a  c o l i  e n d o to x in .  Again t h e  mice were c o n d i t io n e d  
f o r  a t  l e a s t  seven  days  by exposure  t o  a l t e r n a t i n g  p e r io d s  o f  12 
hours,  da rk  and 12 hours  l i g h t  w i th  t h e  l i g h t s  on from 6 A.M. to  
6 P.M. The t o x i c a n t  was i n j e c t e d  i n t r a p e r i t o n e a l l y  a t  4 -h o u r  i n t e r ­
v a l s  b e g in n in g  a t  8 A.M. L i g h t - s y n c h r o n i z e d  p e r i o d i c i t y  a n a l y s i s  
r e v e a l e d  a s u s c e p t i b i l i t y  rhythm to  t h i s  e n d o to x in .  He f u r t h e r  
s t a t e d  t h a t  a dose o f  en d o to x in  which i s  co m p a t ib le  w i t h  s u r v i v a l  
o f  most an im als  when g iv en  d u r in g  t h e  middle  o f  d a i l y  d a rk  p e r io d s  
i s  h i g h l y  l e t h a l  when i t  i s  g iven  8 t o  12 hours  e a r l i e r  o r  l a t e r .
There  was about  85 p e r  c e n t  m o r t a l i t y  a t  t h e  4 P.M. t r e a t m e n t  compared 
t o  about  3 p e r  c e n t  a t  th e  12 m idnigh t  t r e a t m e n t .  Th is  c y c l e  was 
a p p r o x im a te ly  a 24-hour  c y c l e  w i th  h ig h  and low p o i n t s  about  8 t o  12 
h o u rs  a p a r t .
E r t e l  e t  a K  (1963) r e p o r t e d  a s e n s i t i v i t y  rhythm i n  t h e  
s u s c e p t i b i l i t y  o f  mice to  doses  o f  SU-4885, an a d r e n a l  c o r t i c a l  
i n h i b i t o r .  These mice were r e a r e d ,  c o n d i t i o n e d ,  and i n j e c t e d  i n  the  
same manner as t h a t  d e s c r i b e d  by Haus £ t  a l .  (1959).  Under t h e s e  
c o n d i t i o n s ,  350 mg o f  SU-4885/kg o f  mice k i l l e d  40-60 p e r  c e n t  of  
t h e  mice i n j e c t e d  a t  4 P.M. o r  8 P .M.,  bu t  o n ly  0 -4  p e r  c e n t  o f  mice 
i n j e c t e d  a t  8 A.M.
S e n s i t i v i t y  rhythms to  c e r t a i n  t o x i c a n t s  have a l s o  been
• r e p o r t e d  f o r  s e v e r a l  i n s e c t s .  Cole  and Adkisson (1964) r e p o r t e d  t h a t
b o l l  w e e v i l s  e x h i b i t e d  a d a i l y  rhythm in  t h e i r  s u s c e p t i b i l i t y  to
s t a n d a r d i z e d  doses  o f  th e  i n s e c t i c i d e ,  methyl  p a r a t h i o n .  The w e ev i l s
*
were  r e a r e d  and c o n d i t i o n e d  f o r  10 days  i n  1 0 - ,  1 2 - ,  and 14-hour
p h o to p e r io d s  and t r e a t e d  a t  t h r e e - h o u r  i n t e r v a l s  b e g in n in g  a t  l i g h t s  
on o r  "dawn" on a r e s i d u a l  f i l m  o f  th e  t o x i c a n t .  The rhythm appeared  
to  be p h o t o p e r i o d i c a l l y  e n t r a i n e d  and r e g a r d l e s s  o f  th e  l e n g t h  o f  
day o r  " c l o c k  t ime o f  day o f  t r e a t m e n t , "  a p e r io d  o f  g r e a t e s t  r e ­
s i s t a n c e  always o c c u r re d  a t  dawn and r e c u r r e d  a t  6-h o u r  i n t e r v a l s  
th ro u g h o u t  t h e  24-hour c y c l e .  Al though t h e  b a s i c  p a t t e r n  o f  the  
r e s p o n s e  cu rve  appeared  to  be t h e  same under  each o f  t h e  p h o to p e r io d s ,  
t h e  a m p l i tu d e s  o f  cu rves  were a p p a r e n t l y  i n f l u e n c e d  by th e  l e n g th  
o f  th e  p h o to p h ase ,  th e  d a i l y  d i f f e r e n c e s  i n  d eg ree  o f  s u s c e p t i b i l i t y  
becoming g r e a t e r  as th e  l i g h t  p e r io d s  were s h o r t e n e d .  Thus th e  
most d r a m a t ic  d i f f e r e n c e  o c c u r re d  under  t h e  p h o to p e r io d  w i t h  a 10- 
hour  l i g h t  c y c l e .  Here th e  same dose o f  methyl  p a r a t h i o n  k i l l e d  
a p p ro x im a te ly  10 pe r  c e n t  o f  th e  w e e v i l s  t r e a t e d  a t  dawn, bu t  a lm ost  
90 p e r  c e n t  o f  those  t r e a t e d  o n ly  t h r e e  hou rs  l a t e r .
Beck (1963) in  a p h o to p e r io d  s tu d y  w i t h  male German cockroaches  
t h a t  had been c o n d i t i o n e d  to  a 12-h o u r  p h o to p e r io d  found a s e n s i ­
t i v i t y  rhythm in  t h e i r  r e s p o n s e  t o  DDT, d i m e t i l a n ,  and p o ta s s iu m  
c y a n id e .  I n  t h e s e  e x a m in a t io n s ,  th e  t o x i c a n t s  were i n j e c t e d  a t  
d i f f e r e n t  t im es  d u r in g  t h e  24-hour  t e s t  p e r io d  and the  i n c id e n c e  of  
m o r t a l i t y  was fol lowed d u r in g  th e  subsequen t  24 h o u r s .  Beck f u r t h e r  
s t a t e d  t h a t  th e  s e n s i t i v i t y  to  cy an ide  was a t  a minimum a t  th e  
b e g in n in g  o f  t h e  l i g h t ,  b u t  i n c r e a s e d  to  a maximum s h o r t l y  a f t e r  
t h e  o n s e t  o f  d a r k n e s s ,  and then  d e c l i n e d  to  a minimum a t  th e  b e g in n in g  
o f  t h e  n e x t  c y c le .
P o l c i k  e£ a l .  (1964) r e p o r t e d  a d a i l y  s e n s i t i v i t y  rhythm in  
t h e  t w o - s p o t t e d  s p i d e r  m i te ,  Te t ranychus  u r t i c a e  (Koch) t o  DDVP.
The method o f  i n s e c t i c i d e  a p p l i c a t i o n  c o n s i s t e d  o f  p l a c i n g  a d u l t  
fem ale  m i tes  on m icroscope  s l i d e s ,  and th en  d ip p in g  the  s l i d e s  i n  a 
0 .005 p e r  c en t  emuls ion  o f  DDVP f o r  f i v e  seconds .  T rea tm en ts  were 
made h o u r ly  and m o r t a l i t y  coun ts  made 24 hours  a f t e r  t r e a t m e n t .  The 
maximum s u s c e p t i b i l i t y  o c c u r re d  two hours  a f t e r  dawn, and then  f e l l  
g r a d u a l l y  d u r in g  th e  day to  reach  a minimum two hours  a f t e r  n i g h t f a l l .  
The d i f f e r e n c e  in  t h e  p e r c e n ta g e  between th e  h i g h e s t  and lowest  p o i n t s  
o f  t h e  cu rve  was s i g n i f i c a n t  a t  t h e  99 p e r  c en t  l e v e l .
I n  s i m i l a r  t e s t s ,  N ow os ie lsk i  et_ a l .  (1964) d em o n s t ra ted  a 
d a i l y  rhythm i n  s e n s i t i v i t y  t o  n a r c o s i s  by e t h e r ,  ch lo ro fo rm ,  and carbon 
t e t r a c h l o r i d e  in  t h e  house c r i c k e t ,  G r y l lu s  dom est icus  L. and t h e  two- 
s p o t t e d  m ite  T, u r t i c a e  (Koch). Here ,  th e  house c r i c k e t  showed a 
maximum s e n s i t i v i t y  to  t h e s e  n a r c o t i c s  d u r in g  th e  f i r s t  p a r t  o f  the  
n i g h t  p e r io d  which c o r re s p o n d s  to  th e  p e r io d  o f  maximum a c t i v i t y  of  
t h i s  s p e c i e s ,  w h i le  th e  t w o - s p o t t e d  m ite  showed minimum s e n s i t i v i t y  
around n i g h t f a l l .
I n  a c o m p ara t iv e  s tu d y  o f  i n s e c t i c i d e  m etabol ism in  pho to -  
p e r i o d  e n t r a i n e d  and u n e n t r a i n e d  bollworm l a r v a e ,  H e l i o t h i s  zea 
(Bodd ie ) ,  B u l l  and L i n d q u i s t  (1965) found t h a t  d i f f e r e n c e s  in  
m e t a b o l i t e  c o n c e n t r a t i o n s  i n  u n e n t r a i n e d  l a r v a e  were no t  s i g n i f i c a n t ,  
b u t  t h a t  in  e n t r a i n e d  l a r v a e ,  v a r i a t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t  
and fo l low ed  a c y c l i c  p a t t e r n .  A l though peak c o n c e n t r a t i o n s  o f  
o x i d a t i o n  p r o d u c t s  o c c u r re d  a t  12- h o u r  i n t e r v a l s  in  e x t e r n a l  e x t r a c t s ,  
t h e y  d id  no t  fo l lo w  a d e f i n i t e  p a t t e r n  i n  e x c r e t a .
Fernandez  and Randolph (1966) s tu d y in g  th e  s u s c e p t i b i l i t y  of  
house  f l i e s  r e a r e d  under  v a r i o u s  p h o to p e r io d s  to  i n s e c t i c i d e  r e s i d u e s
9r e p o r t e d  v a r i o u s  deg ree s  o f  s u s c e p t i b i l i t y  of  f l i e s  from t h e s e  
d i f f e r e n t  p h o to p e r io d s .  Seven p h o to p e r io d s  were examined u s in g  
t h r e e  c h l o r i n a t e d  hydrocarbon  i n s e c t i c i d e s :  DDT, e n d r i n ,  and d i e l d r i n .  
The p e r  c e n t  m o r t a l i t y  o f  house f l i e s  r e a r e d  under  L ig h t -D ark  (LD) 
p h o to p e r io d s  o f  14 :10 ,  LD 12:12 ,  LD 13:11 ,  and LD 16:8 were no t  
s i g n i f i c a n t l y  d i f f e r e n t  t o  r e s i d u e s  o f  DDT. A l l  t h e s e  however,  were 
s i g n i f i c a n t l y  more s u s c e p t i b l e  t h a n  f l i e s  r e a r e d  under  l i g h t - d a r k  
p h o to p e r io d s  o f  LD 10:14 ,  LL 24 :0 ,  and LD 15 :9 .  They f u r t h e r  s t a t e d  
t h a t  f l i e s  r e a r e d  under  LD 14:10 were s i g n i f i c a n t l y  more s u s c e p t i b l e  
t o  d i e l d r i n  r e s i d u e s  than  th o se  r e a r e d  under  LL 24:0  and LD 15:9 .
METHODS AND MATERIALS 
Bol l  Weevil  C u l t u r e s
P a r e n t a l  s to c k s  o f  th e  two b o l l  w ee v i l  s t r a i n s  used in  t h e se  
s t u d i e s  were c o l l e c t e d  as a d u l t s  from c o t t o n  f i e l d s .  The M arsh a l l  
s t r a i n  w a s - c o l l e c t e d  in  A p r i l ,  1966 from a f i e l d  a p p ro x im a te ly  10 
m i le s  n o r th  o f  C l i n t o n ,  L o u i s i a n a ,  w h i le  th e  C a s t l e b e r r y  s t r a i n  was 
c o l l e c t e d  i n  J u l y ,  1964 n e a r  C a s t l e b e r r y ,  Alabama. The use  o f  t h e s e  
two s t r a i n s  p e r m i t t e d  a comparison to  be made between a newly c o lo n ize d  
c u l t u r e  and one t h a t  had been m a in ta in ed  in  th e  l a b o r a t o r y  f o r  s e v e r a l  
g e n e r a t i o n s .  A l l  b o l l  w e e v i l s  were r e a r e d  a t  a t e m p e ra tu re  o f  27°C. 
and a r e l a t i v e  hum id i ty  o f  a p p ro x im a te ly  60 p e r  c e n t  u s in g  a s y n t h e t i c  
media and r e a r i n g  p ro ce d u re s  s l i g h t l y  m odif ied  from t h a t  d e s c r i b e d  by 
E a r l e  et_ Al.  (1959).  The m od if ied  media c o n ta in e d  f i v e  grams of  
a c e to n e  sq u a re  powder, t h r e e  grams o f  soybean p r o t e i n ,  and one gram 
o f  y e a s t  in  a d d i t i o n  to  t h e  o t h e r  components.
A l l  w e e v i l s  were r e a r e d  under  a r t i f i c i a l  p h o to p e r io d s  w i th  
l i g h t  phases  o f  10, 14, and 24 hours  p e r  24-hour  c y c l e .  The 24-hour 
l i g h t  phase  was i n c lu d e d  to  en a b le  comparisons  t o  be made between 
l i g h t - d a r k  e n t r a i n e d  and u n e n t r a i n e d  i n s e c t s .  L ig h t s  came on a t  
6 A.M. (CST) f o r  b o th  t h e  10- and 14-hour  l i g h t  p h ase s .  A f t e r  
emergence,  a p p ro x im a te ly  200 to  300 w e e v i l s  were p la c ed  in  o n e - g a l l o n  
i c e  cream c a r t o n s  covered  w i th  s c r e e n - w i r e  l i d s  and fed w i th  c o t t o n
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sq u a re s  ( f lo w er  b u d s ) .  The c a r t o n s  were then  r e t u r n e d  to  t h e i r  
r e s p e c t i v e  p h o to p e r io d  c a b i n e t s  and he ld  f o r  t r e a t m e n t .
House F l y  C u l tu r e s
Two c u l t u r e s  o f  house f l i e s  were used d u r in g  t h e s e  s t u d i e s .
One c u l t u r e  (Orlando s u s c e p t i b l e )  was e s t a b l i s h e d  from pupae o b ta in e d  
from th e  Uni ted  S t a t e s  Department o f  A g r i c u l t u r e  Entomology L ab o ra to ry  
i n  O r lando ,  F l o r i d a  and m a in ta in ed  i n  th e  l a b o r a t o r y  a t  L.S.U. This  
c u l t u r e  was used  in  a l l  s e n s i t i v i t y  s t u d i e s  i n v o lv in g  house f l i e s .
The o t h e r  c u l t u r e  was c o l l e c t e d  as  a d u l t s  from th e  L o u i s i a n a  S t a t e  
U n i v e r s i t y  P o u l t r y  Farm a t  Baton Rouge, L o u i s i a n a  and was used on ly  
i n  c e r t a i n  p r e l i m i n a r y  s t u d i e s .
The a d u l t  f l y  c u l t u r e s  were m a in ta in ed  in  10 x 10 x 10 inch  
cages  w i t h  p l a s t i c  s c re e n  covered  s i d e s  and to p .  The bo t tom  was 
made o f  m a so n i t e ,  t h e  f r o n t  c o n s i s t e d  o f  a s l i d i n g  g l a s s  pane,  and 
t h e  back was covered  w i th  ru b b e r  s h e e t i n g  w i th  a h o l e  i n  th e  c e n t e r  
f o r  f e e d in g  and h an d l in g  p u rp o se s .  The frame o f  th e  cages  was 
c o n s t r u c t e d  o f  one inch  sq u a re  p i e c e s  o f  lumber w i th  t h e  two f r o n t  
u p r i g h t s  grooved to  ho ld  t h e  g l a s s  pane.  The a d u l t  f l i e s  were fed 
a s o l u t i o n  p r e p a re d  from one p i n t  canned ev ap o ra ted  m i lk ,  about  4 or  
5 t e a s p o o n f u l s  o f  s u g a r ,  and enough w a te r  to  make one g a l l o n .
Absorbent  c e l l u c o t t o n  was p laced  i n  h a l f - p i n t  i c e  cream c a r t o n s  and 
s a t u r a t e d  w i th  t h i s  s o l u t i o n .  The s a t u r a t e d  c e l l u c o t t o n  p rov ided  
b o th  a s u p p o r t i n g  s u r f a c e  when fe ed in g  and an o v i p o s i t i o n  s i t e  f o r  
t h e  a d u l t  f l i e s .  The eggs were removed from t h i s  medium by means 
o f  a c a m e l ' s  h a i r  b rush  and p laced  in  a g r a d u a te d  c y l i n d e r  c o n t a i n i n g
w a t e r .  Only eggs which s e t t l e d  t o  t h e  bo t tom  were s e l e c t e d  f o r  use .  
T h r e e - t e n t h s  o f  a m i l l i l i t e r  o f  eggs ,  o r  enough eggs t o  y i e l d  about  
2000 a d u l t  f l i e s  were then  p laced  i n  a o n e - g a l l o n  g lazed  c rock  
c o n t a i n i n g  a l a r v a l  medium. This  medium was p r ep a re d  by mixing 340 
grams of  Chemical S p e c i a l i t i e s  M a n u fac tu re r s  A s s o c i a t i o n  (CSMA) 
medium w i th  a s o l u t i o n  c o n s i s t i n g  o f  750 m i l l i l i t e r s  o f  w a t e r ,  15 
grams o f  d ry  y e a s t  and 10 m i l l i l i t e r s  of  n o n d i a s t a t i c  m a l t ,  Blue 
Ribbon Brand. The j a r s  were covered  w i th  w h i t e  ch eese  c l o t h  which 
was s ecu red  by a ru b b e r  band,  and th en  p la c e d  in  t h e  c a b i n e t  of  
t h e  d e s i r e d  p h o to p e r io d .
W i th in  a few days t h e  top  p o r t i o n  o f  th e  medium became dry .  
W i th in  f i v e  t o  seven days t h e  l a r v a e  matured ,  moved to  the  d ry  a rea  
and p upa ted .  The pupae were removed by f l o t a t i o n ,  which c o n s i s t e d  
o f  runn ing  t a p  w a te r  i n t o  th e  c rock  and l i f t i n g  th e  f l o a t i n g  pupae 
ou t  w i th  a sq u a re  o f  w i re  s c r e e n .  The pupae were th en  p laced  in  
th e  a d u l t  h o ld in g  ca g e s ,  and the  cages  r e t u r n e d  t o  t h e  o r i g i n a l  
p h o to p e r io d  u n t i l  t h e y  were ready  f o r  t r e a t m e n t .
A l l  f l i e s  were r e a r e d  and h e ld  f o r  t r e a t m e n t  a t  27° C. and 
a p p ro x im a te ly  60 p e r  c e n t  hum id i ty  i n  a r t i f i c i a l  p h o to p e r io d s  w i th  
l i g h t  phases  o f  10, 14, and 24 hours  per  24-hour  c y c l e .  L ig h t s  came 
on a t  6 A.M. (CST) f o r  bo th  the  10- and 14-hour  l i g h t  p h a s e s .  The 
24-hour  p h o to p e r io d  enab led  comparisons  to  be made between l i g h t - d a r k  
e n t r a i n e d  and u n e n t r a in e d  house  f l i e s .
Methyl p a r a t h i o n  (0,  0 - d im e thy l  - 0 - £  - n i t r o p h e n y l  
p h o s p h o r o t h i o a t e )  was s e l e c t e d  as t h e  t e s t  i n s e c t i c i d e .  A powerfu l  
c h o l i n e s t e r a s e  i n h i b i t o r ,  methyl  p a r a t h i o n  i s  e x t r em e ly  t o x i c  to  both
t h e  b o l l  w e e v i l  and t h e  house f l y .  I t  i s  an e x c e l l e n t  c o n t a c t  
i n s e c t i c i d e ,  k i l l s  q u i c k ly  and has s h o r t  r e s i d u a l  p r o p e r t i e s .  These 
q u a l i t i e s  made t h i s  chemical  an a p p r o p r i a t e  c h o ic e  f o r  t h i s  s tu d y .  
Also  i t  had been used p r e v i o u s l y  i n  a s i m i l a r  s tu d y  on th e  b o l l  
w e e v i l .
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Exposure To A Residual Film of Methyl Parathion
Boll  Weevils
I n s e c t i c i d e  t r e a t m e n t s  were made by p l a c i n g  b o l l  w e e v i l s  on 
g l a s s  s u r f a c e s  coa ted  w i t h  s t a n d a r d i z e d  amounts o f  methyl  p a r a t h i o n .
To accom pl ish  t h i s ,  th e  i n n e r  s u r f a c e s  o f  g l a s s  v i a l s  (30 ml c a p a c i t y )  
were u n i fo rm ly  co a ted  w i th  0 ,85 ml o f  an e t h e r  s o l u t i o n  c o n t a i n i n g  
0.002 p e r  c e n t  methyl  p a r a t h i o n  ( a n a l y t i c a l  s t a n d a r d ,  99 + % p u r i t y ) .  
The v i a l s  were co a ted  about  30 minutes  b e f o re  used and th e  e t h e r  
s o l v e n t  e v a p o r a te d .  P r i o r  to  th e  b e g in n in g  o f  an e x p e r im en t ,  the  
w e e v i l s  to  be used were randomly p la c e d  in  u n t r e a t e d  v i a l s  i n  groups 
o f  15. The 15 w e e v i l s  were dumped i n t o  a t r e a t e d  v i a l  and h e ld  on 
th e  r e s i d u a l  f i l m  o f  t o x i c a n t  f o r  15 m in u te s .  At th e  end o f  t h i s  
p e r i o d ,  th ey  were removed from th e  t r e a t e d  s u r f a c e s ,  p la c e d  i n  th e  
h a l f - p i n t  j e l l y  d i s h e s  c o n t a i n i n g  t h r e e  o r  fo u r  c o t t o n  s q u a r e s ,  
covered  w i th  a p e r f o r a t e d  t o p ,  and th en  r e t u r n e d  to  t h e i r  r e s p e c t i v e  
p h o to p e r io d .  T rea tm en ts  were made on th e  hour  a t  t h r e e - h o u r  i n t e r v a l s  
b e g in n in g  a t  dawn o r  " l i g h t s  on" (6 A.M.).  T rea tm en ts  made a t  
n i g h t  were accom pl ished  w i th  th e  a id  o f  r e d  l i g h t .  The l i g h t  con­
s i s t e d  o f  an e i g h t  w a t t  Bausch and Lomb f l o r e s c e n t  l i g h t ,  Cat .
No. 31-33-36  w i th  t h e  s h i e l d  p a i n t e d  r e d .  M o r t a l i t y  coun ts  were 
made 24 hours  a f t e r  t r e a t m e n t  and w e e v i l s  were c o n s id e re d  dead i f  
they  were u n ab le  t o  s ta n d  u p r i g h t  and walk.  M o r t a l i t y  was a d j u s t e d
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by Abbott* s fo rm ula  (1925)  f o r  t h e  sm a l l  p e r c e n ta g e s  o f  n a t u r a l  
m o r t a l i t y  o c c u r r i n g  i n  t h e  u n t r e a t e d  c o n t r o l  group.
Topical Application of Methyl Parathion
B o l l  Weevi ls
B o l l  w e e v i l s  were t r e a t e d  by p l a c i n g  a one m i c r o l i t e r  drop o f  
an a c e to n e  s o l u t i o n  o f  th e  d e s i r e d  c o n c e n t r a t i o n  o f  th e  chemical  on 
th e  d o r s a l  s u r f a c e  o f  th e  t h o ra x  o f  i n d i v i d u a l  i n s e c t s .  The t o x i c a n t  
was a d m in i s t e r e d  by a c a l i b r a t e d  s y r i n g e ,  hav ing  a m anual ly  o p e r a t e d  
m icrom eter  d r i v e n  p lu n g e r .  The o n ly  e x c e p t io n  was i n  a p r e l i m i n a r y  
exper im en t  where r e s u l t s  u s in g  th e  m anua l ly  o p e r a t e d  m i c r o a p p l i c a t o r  
were compared to  r e s u l t s  o b t a in e d  u s in g  th e  ISCO Model M m ic ro ­
a p p l i c a t o r .  The same s y r i n g e  and hypodermic n e e d le  (No. 27) were 
used w i t h  bo th  a p p l i c a t o r s .
Methyl p a r a t h i o n  was s e r i a l l y  d i l u t e d  to  d e s i r e d  c o n c e n t r a t i o n s  
i n  o r d e r  t o  o b t a i n  m o r t a l i t y  ranges  s u i t a b l e  f o r  com puta t ion  o f  the  
d o s a g e - m o r t a l i t y  cu rves  f o r  d i f f e r e n t  ages  o f  t h e  t e s t  i n s e c t s .  The 
LDjo»s were d e te rm in e d  by u s in g  an IBM Computer 1620. T rea tm ents  
were made on th e  hour  a t  o n e - o r  t h r e e - h o u r  i n t e r v a l s .  T o p ica l  t r e a t ­
ments d u r in g  th e  dark  were a l s o  accom pl ished  w i t h  th e  a id  o f  a red  
l i g h t .  Subsequent t o  t r e a t m e n t ,  b o l l  w e e v i l s  were h e ld  and m o r t a l i t y  
d e te rm in e d  by t h e  same p ro c e d u re  o u t l i n e d  p r e v i o u s l y  f o r  th e  r e s i d u a l  
f i l m  s t u d i e s .
House F l i e s
t
When th e  house f l i e s  reached  th e  d e s i r e d  age ,  t h e y  were 
removed from th e  cages  by means o f  s u c t i o n .  Th is  was accomplished
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by a t t a c h i n g  to  a vacuum c l e a n e r  h o se ,  a q u a r t  i ce  cream c a r t o n  
s c re en e d  on one end and open on th e  o t h e r .  The open end o f  the  
c a r t o n  was p la c e d  in  th e  h o le  p ro v id ed  i n  th e  ru b b e r  back o f  the  
cage c o n t a i n i n g  th e  f l i e s ,  and t h e  s c r e e n  end was a t t a c h e d  t o  the  
vacuum c l e a n e r  hose .  The f l i e s  were sucked i n t o  t h i s  q u a r t  c o n t a i n e r ,  
a l i d  p la ce d  q u i c k l y  on th e  open end,  and t h e  vacuum removed. The 
f l i e s  i n  the  c o n t a i n e r  were a n e s t h e t i z e d  w i th  carbon d i o x i d e ,  p laced  
on an a n e s t h e t i z i n g  t r a y ,  and sexed .  G e n e r a l ly  female f l i e s  were 
used f o r  th e  s e n s i t i v i t y  rhythm s t u d i e s ,  bu t  males were a l s o  t e s t e d .  
A f t e r  s e x in g ,  t h e  f l i e s  were k ep t  a n e s t h e t i z e d  u n t i l  a f t e r  t r e a t m e n t .  
The p ro ced u re  fo l low ed  in  t o p i c a l  a p p l i c a t i o n  o f  methyl  p a r a t h i o n  
to  house  f l i e s  was s i m i l a r  to  t h a t  d e s c r i b e d  p r e v i o u s l y  f o r  b o l l  
w e e v i l s .
I t  was n e c e s s a r y  to  d e te rm in e  an av e rag e  w e igh t  o f  house 
f l i e s  from d i f f e r e n t  p h o to p e r io d s  i n  o r d e r  t o  a d m i n i s t e r  a dosage 
o f  t o x i c a n t  n e a r  th e  LD^q . The a v e rag e  w e igh t  was d e te rm in ed  by 
w e igh ing  100 i n s e c t s  on a M e t t l e r  e l e c t r i c  b a l a n c e .  The number 
o f  f l i e s  t h a t  was produced from a g iv e n  amount o f  media seemed t o  
be t h e  p r im ary  f a c t o r  r e s p o n s i b l e  fo r  th e  d i f f e r e n c e  i n  w e i g h t s .
As th e  number o f  f l i e s  p e r  c rock  i n c r e a s e d ,  th e  w e igh t  d e c re a s e d .
House f l i e s  were h e l d  in  groups o f  20 in  h a l f - p i n t  i c e  cream
c a r t o n s  covered w i th  a p l a s t i c  s c r e e n  top ,  A 2 x 2 - in c h  p i e c e  o f
c e l l u c o t t o n  s a t u r a t e d  w i t h  the  a d u l t  d i e t  was p la c e d  on th e  s c r e e n
to  s e r v e  as food and a so u rce  o f  m o i s tu r e .  House f l i e s  were c o n s id e re d
dead when they  were unab le  to  s t a n d  in  an u p r i g h t  p o s i t i o n .  S o lv en t -
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t r e a t e d  f l i e s  se rved  as c o n t r o l s .
RESULTS AND DISCUSSION
P r e l i m i n a r y  S tu d ie s
C e r t a i n  p r e r e q u i s i t e  i n f o r m a t i o n  had to  be deve loped  in  
o r d e r  t o  conduc t  t h e  s e n s i t i v i t y  rhythm s t u d i e s .  S ince i t  was 
i n t e n d e d  to  t r e a t  th e  t e s t  i n s e c t s  a t  a p p r o x im a te ly  th e  LD^q l e v e l  
a t  s p e c i f i c  t im e  i n t e r v a l s ,  i t  was n e c e s s a r y  t h a t  th e  LD_n , f o r
J w  S
each  c u l t u r e  o f  t h e  two t e s t  i n s e c t s  be known. A d d i t i o n a l l y ,  th e  
e f f e c t  o f  age o f  t e s t  i n s e c t s  on th e  LD^q was s t u d i e d  s i n c e  i t  
was p lanned  t o  use  more th a n  one age in  sub seq u en t  s t u d i e s .  O the r  
v a r i a b l e s  t h a t  were d e f in e d  in c lu d e d  v a r i a t i o n  due to  d i f f e r e n t  
t e c h n i c i a n s  and d i f f e r e n t  types  o f  i n s e c t i c i d e  m i c r o a p p l i c a t o r s .
E f f e c t  o f  Age on th e  M o r t a l i t y  Response o f  Bol l  W eevi ls  and House 
F l i e s
S e v e r a l  i n v e s t i g a t o r s  (Hadaway and Barlow, 1957; Blum e t  a l . , 
1959; Bass and Rawson, 1960; Samicki and Green,  1965; and I v e y , 1967) 
have d em ons t ra ted  t h a t  age o f  b o l l  w e e v i l s  and house f l i e s  a f f e c t s  
t h e i r  r e s p o n s e  to  i n s e c t i c i d e s .  P r e v io u s  r e s e a r c h  has  a l s o  shown 
t h a t  o rganophosphorous  i n s e c t i c i d e s  a r e  as  e f f e c t i v e  f o r  c o n t r o l  
o f  d i a p a u s in g  ( " f a t " )  b o l l  w e e v i l s  as f o r  r e p r o d u c t i v e  ( " l e a n " )  ones ,  
bu t  t h a t  th e  " f a t "  w e e v i l s ,  compared w i th  " l e a n "  o n es ,  may be up to  
100 times  more t o l e r a n t  to  t h e  c h l o r i n a t e d  hydroca rbon  i n s e c t i c i d e s  
(B razze l  and Hightower ,  I9 6 0 ) ,
Since  most o f  t h e  s e n s i t i v i t y  rhythm s t u d i e s  were d es ig n e d  
to  expose more th an  one age o f  th e  t e s t  i n s e c t s  t o  a s i n g l e  dosage 
o f  methyl p a r a t h i o n  a t  ap p ro x im a te ly  th e  LD^q l e v e l ,  t h e  r e sp o n s e s  
t o  t h i s  m a t e r i a l  o f  d i f f e r e n t  aged b o l l  w e e v i l s  and house f l i e s  
were i n v e s t i g a t e d .  The LD^q ' s f o r  o n e - ,  f o u r - ,  and e i g h t - d a y  o ld  
b o l l  w e e v i l s  were 0 .0288 ,  0 .0504 ,  and 0.0609 micrograms p e r  w eev i l  
r e s p e c t i v e l y  (Table  I )  and were s i g n i f i c a n t l y  d i f f e r e n t  from each 
o t h e r  a t  th e  95 p e r  c e n t  c o n f id e n c e  l e v e l .
A l though t h e  LD^q o f  one- and fo u r - d a y  o ld  b o l l  w e e v i l s  was 
s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  95 p e r  c e n t  c o n f id en ce  l e v e l ,  t h e r e  
was no d i f f e r e n c e  between f o u r -  and e i g h t - d a y  o ld  w e e v i l s  a t  t h i s  
l e v e l .
Adult  female  house  f l i e s  (L.S.U .  s t r a i n )  were t r e a t e d  w i th  
methyl p a r a t h i o n  a t  one,  t h r e e ,  f o u r ,  f i v e ,  s i x  and n in e  days of  
age and LD^q v a lu e s  were found to  be 0 .1071 ,  0 .1026 ,  0 .1514 ,  0 .1424 ,  
0 .1 3 9 1 ,  and 0 .1949 microgram per  f l y ,  r e s p e c t i v e l y  (Table  I I ) .
There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  the  LD5q>s be tween one- and 
t h r e e - d a y  o ld  f l i e s .  However, th e  LD^qis o f  one-  and t h r e e - d a y  o ld  
f l i e s  were s i g n i f i c a n t l y  lower  th an  f l i e s  f o u r  to  n in e  days o ld .  
There  were no d i f f e r e n c e s  i n  th e  r e sp o n s e  among f o u r - ,  f i v e - ,  and 
s i x - d a y  o l d - f l i e s ,  but  t h e i r  LD^q's  were s i g n i f i c a n t l y  l e s s  than  
t h e  LD50 l e v e l  f o r  n in e - d a y  o ld  f l i e s .  The d i f f e r e n c e s  i n  th e  LDgQ 
v a l u e s  f o r  d i f f e r e n t  age f l i e s  were no t  as pronounced as t h e  
v a l u e s .
These d a ta  i n d i c a t e d  t h a t  th e  t o x i c o l o g i c a l  r e sp o n se  o f  
t h e s e  t e s t  i n s e c t s  to  methyl p a r a t h i o n  v a r i e d  w i th  age .  T h e r e f o r e ,
•*
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Table  I .  The t o x i c o l o g i c a l  r e sp o n s e  o f  d i f f e r e n t  aged b o l l  w e e v i l s  
to  methyl  p a r a t h i o n  w i th  t h e  LD-50 's  and LD-90 's  ex p re s se d  
as micrograms o f  i n s e c t i c i d e  p e r  w eev i l  w i th  t h e  upper  
and lower  c o n f id e n c e  l i m i t s  a t  th e  95 p e r  c e n t  l e v e l .
AGE LD-50 LOWER UPPER LD-90 LOWER UPPER
1 day 0.0288 0.0253 0.0327 0.0736 0.0593 0.0914
A days 0.0504 0.0456 0.0556 0.1226 0.0943 0.1595
8 days 0.0609 0.0568 0.0653 0.1074 0.0889 0.1298
Tab le  IX. The t o x i c o l o g i c a l  r e sp o n s e  o f  d i f f e r e n t  aged female house 
f l i e s  to  methyl  p a r a t h i o n  w i th  LD-50's  and LD-90 's  
e x p r e s s e d  as micrograms o f  i n s e c t i c i d e  p e r  f l y  w i t h  t h e  
u ppe r  and lower  c o n f id e n c e  l i m i t s  a t  t h e  95 p e r  c e n t  l e v e l .
AGE LD-50 LOWER UPPER LD-90 LOWER UPPER
1 day 0.1071 0.0985 0 .1164 0 .2394 0 .2086 0.2747
3 days 0 .1026 0.0931 0.1129 0.2466 0.2076 0.2928
4 days 0 .1514 0.1325 0.1731 0.4741 0.3628 0.6195
5 days 0.1424 0.1323 0 .1534 0.3168 0.2752 0.3646
6 days 0.1391 0 .1264 0.1531 0.3450 0.2775 0.4289
9 days 0.1949 0.1725 0 .2203 0.4137 0.3320 0.5155
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i n  t o x i c i t y  s t u d i e s  u s in g  house f l i e s  o r  b o l l  w e e v i l s ,  th e  age o f  
th e  t e s t  i n s e c t s  must be f a i r l y  un iform.
Comparison o f  t h e  M o r t a l i t y  o f  B o l l  Weevils  T re a te d  w i th  Methyl 
P a r a t h i o n  by D i f f e r e n t  T e ch n ic ia n s
Another  v a r i a b l e  t h a t  has seldom been co n s id e re d  i n  t o x i ­
c o l o g i c a l  i n v e s t i g a t i o n s  i s  re sp o n se  d i f f e r e n c e s  o b ta in e d  by d i f f e r e n t  
t e c h n i c i a n s  u s in g  th e  same p ro c e d u re .  S ince  many o f  th e  s e n s i t i v i t y  
rhythm s t u d i e s  were d es ig n e d  to l a s t  over  a 24-hour  p e r i o d ,  i t  was 
n e c e s s a r y  to  a s c e r t a i n  w he the r  o r  no t  one t e c h n i c i a n  should  perform 
a l l  o p e r a t i o n s  d u r in g  t h i s  p e r io d .
The m o r t a l i t y  o f  b o l l  w e e v i l s  o b ta in e d  by d i f f e r e n t  t e c h n i c i a n s  
u s in g  the  same m i c r o a p p l i c a t o r ,  i d e n t i c a l  dosages  o f  methyl p a r a t h i o n ,  
w e e v i l s  o f  the  same age from one c u l t u r e  and t r e a t i n g  a t  the  same 
t ime o f  day i s  shown in  Table  I I I .  Of th e  t h r e e  t e c h n i c i a n s  who 
were compared to  t e c h n i c i a n  A, two t e c h n i c i a n s ,  B and D, o b ta in e d  
e s s e n t i a l l y  t h e  same m o r t a l i t y .  However, t e c h n i c i a n  C t r e a t i n g  in  
t h e  same manner as t e c h n i c i a n  A k i l l e d  26 p e r  c en t  more w e e v i l s ,  a 
s i g n i f i c a n t  d i f f e r e n c e  a t  the  95 p e r  c e n t  c o n f id e n c e  l e v e l  ( " t "  t e s t ) .  
S ince  t e c h n i c i a n s  B, C, and D were no t  t r e a t i n g  a t  the  same t im e ,  
t h ey  were no t  compared w i th  each o t h e r .  T e c h n ic ia n  D was compared 
to  A on t h r e e  o c c a s io n s  w i th  no s i g n i f i c a n t  d i f f e r e n c e  o c c u r r i n g  a t  
any t  ime.
However,  based on t h e s e  d a t a  i t  was dec ided  t h a t  i n  o r d e r  to  
o b t a i n  a more a c c u r a t e  r e sp o n se  to  a g iven  dosage o f  i n s e c t i c i d e ,  
one t e c h n i c i a n  would do a l l  t h e  t r e a t i n g  d u r in g  a p a r t i c u l a r  exper im en t .
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Table  I I I .  Comparison o f  t h e  m o r t a l i t y  o f  b o l l  w e e v i l s  t r e a t e d  
by t o p i c a l  a p p l i c a t i o n  w i th  methyl  p a r a t h i o n  by 
d i f f e r e n t  t e c h n i c i a n s .
T e ch n ic ian s
Dosage 
( u g / w e e v i l )
Age
in
Days
No. Dead 
No. T re a te d
M o r t a l i t y
P e r  Cent 
M o r t a l i t y
A 0.08 3 47/90 52
B 0.08 3 43/90 48
A 0.08 3 71/195 36 a /
C 0.08 3 120/195 62
A 0.08 3 124/135 92
D 0.08 3 117/135 87
A 0.08 3 85/90 94
D 0 .08 3 84/90 93
A 0.08 3 152/170 89
D 0 .08 3 146/170 86
a /  S i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  ( " t ” t e s t )
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Comparison o f  the  M o r t a l i t y  o f  B o l l  Weevi ls  T re a te d  w i th  Methyl 
P a r a t h i o n  U t i l i z i n g  an Automatic  M i c r o a p p l i c a t o r  Versus a Manual ly 
Opera ted  M i c r o a p p l i c a t o r
An e l e c t r i c a l l y  o p e r a t e d  a u to m a t i c  m i c r o a p p l i c a t o r  (ISCO 
Model M) and a manual ly  o p e ra te d  m i c r o a p p l i c a t o r  (micrometer  ty p e )  
were a v a i l a b l e  f o r  t o p i c a l  a p p l i c a t i o n  s t u d i e s .  Both were equipped 
w i th  s i m i l a r  s y r i n g e s  (Agla Brand) and No. 27 hypodermic n e e d le s  
and were c a l i b r a t e d  to  d e l i v e r  a one m i c r o l i t e r  drop o f  s o l u t i o n .
In  o r d e r  t o  de te rm in e  the  v a r i a t i o n  in  r e s u l t s  o b ta in e d  u s in g  the  
two m i c r o a p p l i c a t o r s ,  t e s t s  were conducted  to  compare th e  m o r t a l i t y  
o b t a in e d  when a kncwn c o n c e n t r a t i o n  o f  methyl p a r a t h i o n  was a p p l i e d  
t o  b o l l  w e e v i l s .  The same t e c h n i c i a n  conducted  a l l  the  t e s t s  u s in g  
i n s e c t s  o f  t h e  same age.
A comparison o f  t h e  m o r t a l i t y  o b t a in e d  u s in g  th e s e  two m ic ro ­
a p p l i c a t o r s  i s  shown i n  T ab le  IV. P a i r e d  comparisons  of  i n d i v i d u a l  
t e s t s  show t h a t  th e  manual ly  o p e r a t e d  m i c r o a p p l i c a t o r  k i l l e d  a 
s m a l l e r  p e r c e n ta g e  th an  d id  t h e  a u to m a t ic  m i c r o a p p l i c a t o r  i n  11 ou t  
o f  15 d i f f e r e n t  t e s t s .  Of t h e  675 b o l l  w e e v i l s  t r e a t e d  w i th  th e  
m anual ly  o p e r a t e d  m i c r o a p p l i c a t o r ,  490 were k i l l e d  f o r  an av e rage  
o f  73 p e r  c e n t  m o r t a l i t y .  Using th e  a u to m a t ic  m i c r o a p p l i c a t o r ,
583 ou t  o f  th e  675 t r e a t e d  i n s e c t s  .were k i l l e d  f o r  an av e rag e  o f  
86 p e r  c e n t  m o r t a l i t y .  Even though t h i s  l a r g e  v a r i a t i o n  d id  n o t  
show a s i g n i f i c a n t  d i f f e r e n c e ,  t h i s  would c e r t a i n l y  be a so u rc e  of  
u n d e s i r e d  v a r i a t i o n ,  and th e  two ty p es  o f  m i c r o a p p l i c a t o r s  shou ld  
n o t  be used i n t e r c h a n g e a b l y .  A l l  s e n s i t i v i t y  rhythm s t u d i e s  were 
conducted  u s in g  the  m anual ly  o p e r a t e d  m i c r o a p p l i c a t o r .
Table  IV. Comparison o f  24-hour  m o r t a l i t y  o f  b o l l  w e e v i l s  exposed 
to  t h e  same dosage o f  methyl p a r a t h i o n  a p p l i e d  w i th  an 
a u to m a t ic  m i c r o a p p l i c a t o r  v e r su s  a manual ly  o p e r a t e d  
m i c r o a p p l i c a t o r
Manually  Operated Automatic
M i c r o a p p l i c a t o r M ic r o a p p l i c a t o r
No. Dead Per  Cent No. Dead P e r  Cent
T e s t No. T re a te d M o r t a l i t y No. T re a te d M o r t a l i t y
1 33/45 73 37/45 82
2 24/45 53 42/45 93
3 30/45 67 34/45 76
4 18/45 40 34/45 76
5 18/45 40 32/45 71
6 28/45 62 38/45 84
7 43/45 96 41/45 91
8 42/45 93 41/45 91
9 38/45 84 43/45 96
10 41/45 91 44/45 98
11 36/45 80 41/45 91
12 43/45 96 42/45 93
13 43/45 96 41/45 91
14 27/45 60 38/45 84
15 26/45 57 35/45 78
T o t a l s 490/675 73 583/675 86
a /  No s i g n i f i c a n t  d i f f e r e n c e  a t  th e  5% l e v e l  ( " t ” t e s t ) .
S e n s i t i v i t y  Rhythm S tu d ie s  on th e  B o l l  Weevil 
U t i l i z i n g  t h e  R es id u a l  F i lm  Technique o f  A p p l i c a t i o n
A p re v io u s  s tu d y  u t i l i z i n g  th e  r e s i d u a l  f i l m  t e c h n iq u e  o f  
i n s e c t i c i d e  a p p l i c a t i o n  i n d i c a t e d  t h a t  th e  b o l l  w eev i l  e x h i b i t e d  
a s e n s i t i v i t y  rhythm to  the  o rganophospha te  i n s e c t i c i d e ,  methyl 
p a r a t h i o n  (Cole and Adkisson,  1964).  They f u r t h e r  r e p o r t e d  t h a t  
th e  rhythm appeared  to  be p h o t o p e r i o d i c a l l y  e n t r a i n e d  and r e g a r d l e s s  
o f  the  l e n g th  o f  day o r  " c lo c k  time o f  day o f  t r e a t m e n t , "  a p e r io d  
o f  g r e a t e s t  r e s i s t a n c e  always o c c u r re d  a t  dawn and r e c u r r e d  a t  s i x -  
hour  i n t e r v a l s  th ro u g h o u t  th e  24-hour  c y c l e  when the  w e e v i l s  were 
t r e a t e d  a t  t h r e e - h o u r  i n t e r v a l s  b eg in n in g  a t  dawn o r  " l i g h t s  o n . "
A ls o ,  t h i s  s e n s i t i v i t y  rhythm appeared  to  be more pronounced in  
w e e v i l s  r e a r e d  under  a 10-hour  p h o to p e r io d  th an  in  th o se  from 
e i t h e r  a 12- o r  14-hour  p h o to p e r io d .
I n  an a t t e m p t  t o  r e p e a t  th e  above r e s u l t s ,  b o l l  w e e v i l s  
(M arsh a l l  s t r a i n )  were r e a r e d  under  t h r e e  p h o to p e r io d s  (1 0 - ,  14- ,  
and 24-hour)  and t h e i r  r e sp o n se  to  methyl  p a r a t h i o n  de te rm ined  a t  
t h r e e - h o u r  i n t e r v a l s  b eg in n in g  a t  6 A.M. (dawn o r  " l i g h t s  on" in  
t h e  f i r s t  two p h o t o p e r i o d s ) .  Summaries o f  th e  r e s u l t s  o b ta in e d  
from th e  10 - ,  14- ,  and 24-hour  p h o to p e r io d s  a r e  p r e s e n te d  in  Tables  V, 
VI, and V I I ,  r e s p e c t i v e l y .
I n  c a se s  when th e  number o f  w e e v i l s  a v a i l a b l e  from a p a r t i c u l a r  
p h o to p e r io d  was l i m i t e d ,  the  number o f  t r e a t m e n t s  was reduced (as
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Table V. Summary of 24-hour mortality data obtained from boll weevils reared under a 10-hour photo­
period and treated with methyl parathion using the residual film method of application.
Experiment
■
A B C Tota l
Time of No. Dead 7. No. Dead 7. No. Dead 7. No. Dead
Average 
Per  Cent
Treatment No. Treated Mort. No. Treated Mort. No. Treated Mort. No. Trea ted M o r t a l i t y
6 A.M. 34/60 57 48/75 64 36/120 30 118/255 46
9 A.M. 38/60 63 54/75 72 88/120 73 180/255 71
12 Noon 49/75 68 59/75 79 103/120 86 216/270 78
Age of  b o l l  
weevi ls 10 days
I
9 days 9 days
Dosage 0.0027. 0.0027. 0.00187.
Table VI. Summary of 24-hour mortality data obtained from boll weevils reared under a 14-hour photo­
period and treated with methyl parathion using the residual film method of application.
Experiment
A B C T o ta l
Time o f No. Dead
MB ■
% No. Dead % No. Dead % No. Dead
Average 
Per  Cent
Treatment No. T rea ted M ort . No. T re a te d  1Mort. No. T re a te d Mort. No. T rea te d M o r t a l i t y
6 A.M. 120/120 100 72/90 80 — 192/210 91 .4
9 A.M. 61/120 51 76/90 84 137/210 65.2
12 Noon 70/120 58 70/90 58 119/120 99 259/330 75.7
3 P.M. - - - - 61/90 51 115/120 96 176/210 83.8
6 P.M. - - 68/102 67 68/102 66.7
Age o f  b o l l  
w eev i l s 10 days 10 days 10 days V
Dosage 0 . 002% 0 . 002% 0 . 002%
Table VII. Summary of 24-hour mortality data obtained from boll weevils from a 24-hour photoperiod
and treated with methyl parathion using the residual film method of application.
Experiment
A B C Tota l
Average 
Per  CentTime of No. Dead 7. No. Dead % No. Dead % No. Dead
Treatment No. Treated Mort. No. Treated Mort. No. Treated Mort. No. Treated M o r ta l i ty
6 A.M. 40/60 67 120/120 100 90/105 86 250/285 87.7
9 A.M. , 43/60 71 85/120 71 96/120 80 224/300 74.6
12 Noon 51/60 85 56/120 47 97/120 81 204/300 68.0
3 P.M. 58/60 97 - - — 96/120 80 154/180 85.5
6 P.M. 20/60 33 — 63/120 53 83/180 46.1
9 P.M. 33/60 55 - - - - 65/120 54 98/180 54.4
12 MN 11/60 18 -  . 89/120 74 100/180 55.5
3 A.M. 11/60 18 - - 90/120 75 101/180 56.1
Age of b o l l  
weevils 10 days 10 days 10 days
Dosage 0.002% 0. 002% 0.002%
i n  t h e  10-  and 14-hour  p h o to p e r io d s )  so a s  t o  i n c r e a s e  th e  number 
o f  w e e v i l s  p e r  t r e a t m e n t .  The i n s e c t s  ranged from n in e  t o  t e n  days  
o l d .
F o r t y - s i x  p e r  cen t  o f  th e  w e e v i l s  from t h e  10-hour  p h o to ­
p e r io d  (Table  V) were k i l l e d  a t  t h e  "dawn" (6 A.M.) t r e a t m e n t ,  w h i le  
71 p e r  c en t  were k i l l e d  t h r e e  hou rs  l a t e r .  However,  i n  t h e  12 noon 
t r e a t m e n t ,  a h ig h  o f  78 p e r  c en t  m o r t a l i t y  f o r  t h e  p h o to p e r io d  
o c c u r r e d .  Although th e  g r e a t e s t  r e s i s t a n c e  was e x h i b i t e d  a t  6 A.M. 
(Graph I )  t h e r e  was no t  a r e c u r r i n g  r e s i s t a n c e  a t  t h e  12 noon p e r io d  
as  would have been n e c e s s a r y  f o r  a s i x - h o u r  s e n s i t i v i t y  rhythm.
There  was c o n s i d e r a b l e  v a r i a t i o n  among t h e  t h r e e  ex p e r im e n ts  from 
t h i s  p h o to p e r io d .  In a l l  t h r e e  e x p e r im e n ts  t h e  g r e a t e s t  r e s i s t a n c e  
o c c u r red  a t  "dawn" (6 A.M.).  However, t h e r e  was no i n d i c a t i o n  o f  a 
s i x - h o u r  c y c l e  o f  r e s i s t a n c e  s in c e  t h e  l e a s t  r e s i s t a n c e  o c cu r red  
a t  12 noon.
Although t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  in  m o r t a l i t y  r e sp o n s e
w i th  b o l l  w e e v i l s  from th e  14-hour  p h o to p e r io d  (Table  VI) t h e  h i g h e s t
p e r  c e n t  m o r t a l i t y  o b t a in e d  o c c u r re d  a t  t h e  "dawn" (6 A.M.) t r e a t m e n t ,
j u s t  t h e  o p p o s i t e  o f  t h e  r e s u l t s  w i th  b o l l  w e e v i l s  from t h e  10-hour
p h o to p e r io d .  As d e p i c t e d  i n  Graph I ,  t h e r e  was a v a r i a t i o n  among
t im e  i n t e r v a l s ,  b u t  no s e n s i t i v i t y  c y c l e  was a p p a r e n t .  I n d i v i d u a l
ex p e r im e n ts  were ex t rem e ly  v a r i a b l e .  For  i n s t a n c e ,  i n  Experiment  A
(Table  VI) 100 p e r  c e n t  o f  t h e  w e e v i l s  t r e a t e d  a t  "dawn" (6 A.M.) were
dead a f t e r  24 h o u r s ,  whereas  o n ly  51 p e r  c e n t  o f  t h e  i n s e c t s  t r e a t e d
t h r e e  hours  l a t e r  were dead ,  and 30 p e r  c e n t  were k i l l e d  a t  dawn
«
(Exper iment C, Tab le  V) compared to  86 p e r  c e n t  s ix  hours  l a t e r .
Graph 1. Comparison of  the  summaries o f  24-hour
m o r t a l i t y  d a ta  ob ta ined  us ing  b o l l  weevi ls  
from 10- ,  14- ,  and 24-hour photoper iods  
t r e a t e d  w i th  methyl p a r a th io n  us ing  the  
r e s i d u a l  f i lm  method o f  a p p l i c a t i o n .
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The d a t a  o b t a i n e d  u s in g  l i g h t - d a r k  u n e n t r a i n e d  w e e v i l s  from 
t h e  24-hour  p h o t o p e r io d  a l s o  showed c o n s i d e r a b l e  v a r i a t i o n  among 
e x p e r im e n t s  and time i n t e r v a l s .  The l e a s t  amount o f  v a r i a t i o n  o c c u r r e d  
i n  t h e  9 P .M .,  12 m id n ig h t ,  and 3 A.M. t r e a t m e n t s  where t h e r e  was 
l e s s  t h a n  two p e r  c e n t  v a r i a t i o n  among th e  t h r e e  t r e a t m e n t s .  A lso ,  
a h i g h e r  p e r  c e n t  o f  t h e s e  w e e v i l s  were  k i l l e d  d u r in g  t h e  f i r s t  
f o u r  t r e a t m e n t s  th an  d u r in g  t h e  l a s t  f o u r .  However, t h e r e  were 
f ew er  w e e v i l s  t r e a t e d  d u r in g  t h i s  l a t t e r  p e r i o d .  The a v e ra g e  p e r  
c e n t  m o r t a l i t y  i s  p l o t t e d  on Graph I .  There  was no i n d i c a t i o n  o f  
a s e n s i t i v i t y  rhythm.
A summary o f  a l l  th e  d a t a  u s i n g  t h e  r e s i d u a l  f i l m  method o f  
t r e a t i n g  b o l l  w e e v i l s  i s  shown i n  T a b le  V I I I .  There  i s  a d e c id ed  
d i f f e r e n c e  i n  t h e  p e r  c e n t  m o r t a l i t y  from 6 A.M. th ro u g h  3 P.M. when 
compared to  t h e  m o r t a l i t y  from 6 P.M. t h ro u g h  3 A.M. However, t h i s  
l a t t e r  p e r i o d  i n v o lv e s  c o n s i d e r a b l y  s m a l l e r  numbers o f  t e s t  i n s e c t s  
t h a n  th e  e a r l i e r  p e r i o d .  Most o f  th e  d a t a  from th e  l a t t e r  r e s u l t e d  
from o b s e r v a t i o n s  on w e e v i l s  r e a r e d  u n d e r  th e  24 -hour  p h o t o p e r io d .
N otewor thy  i s  t h e  f a c t  t h a t  i n  t r e a t m e n t s  where  750 o r  more 
w e e v i l s  were t r e a t e d ,  t h e r e  was a v a r i a t i o n  o f  o n ly  5 p e r  c e n t  
g o in g  from a h i g h  o f  76 p e r  c e n t  m o r t a l i t y  t o  a low o f  71 p e r  c e n t .
A l though  th e  summary o f  t h e  d a t a  from th e  r e s i d u a l  f i l m  
method o f  a p p l i c a t i o n  shows a u n i fo rm  m o r t a l i t y  r a t e ,  t h i s  was t r u e  
o n ly  where l a r g e  numbers o f  t h e  t e s t  i n s e c t  were u sed .  I n  th e  
i n d i v i d u a l  t e s t s ,  t h e r e  was e x t e n s i v e  v a r i a t i o n .  T a b le  IX g iv e s  a 
breakdown o f  i n d i v i d u a l  h o l d i n g  cages  a f t e r  t r e a t m e n t  from two t e s t s .
a
Although  o n ly  a l i t t l e  o v e r  h a l f  o f  t h e  w e e v i l s  were k i l l e d  (which
<4
Tab le  V I I I .  Summary of  24-hour  m o r t a l i t y  d a t a  f o r  a l l  r e s i d u a l
f i l m  t r e a t m e n t s  o f  b o l l  w e e v i l s  from t h r e e  p h o to p e r io d s .
TOTAL
Average
No. Dead P e r  Cent
Time o f  T rea tm en t  No. T re a te d  M o r t a l i t y
6 A.M. 560/750 75
9 A.M. 541/765 71
12 Noon 674/885 76
3 P.M. 330/390 85
6 P.M. 151/282 54
9 P.M. 98/180 54
12 MN 100/180 56
3 A.M. 101/180 56
T a b le  IX. Tw enty -four  h o u r  m o r t a l i t y  o f  b o l l  w e e v i l s  exposed to  
a r e s i d u a l  f i l m  o f  methyl  p a r a t h i o n  as i t  o c c u r re d  in  
i n d i v i d u a l  h o ld in g  cag e s .
Time o f  
T rea tm en t
14-hour  phot o p e r io d
b
24-hour  p h o to p e r io d
No. Dead P e r  Cent 
M o r t a l i t y
No. Dead P e r  Cent 
M o r t a l i t yNo. T r e a te d No. T re a te d
9 A.M. 4 /15 27 15/15 100
8 /15 53 1/15 7
1/15 7 15/15 100
15/15 100 8/15 53
0 /15 0 12/15 80
3/15 20 15/15 100
15/15 100 15/15 100
15/15 100 12/15 80
12 Noon 15/15 100 1/15 7
0/15 0 15/15 100
0/15 0 15/15 100
2/15 13 9/15 60
15/15 100 14/15 93
15/15 100 0/15 0
15/15 100 1/15 7
8/15 53 1/15 7
a /  Data from Experiment  A, Table  VI 
b /  Data from Experiment  B, Tab le  VII
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was about  t h e  d e s i r e d  m o r t a l i t y  r a t e ) ,  t h e r e  was no t  a un i fo rm  
r a t e  o f  m o r t a l i t y  i n  each  h o ld in g  cage .  I n  most i n s t a n c e s ,  e i t h e r  
a l l  o r  none o f  t h e  w e e v i l s  t r e a t e d  d i e d .  Only o c c a s i o n a l l y  would 
a p p ro x im a te ly  50 to  60 p e r  c e n t  m o r t a l i t y  o c c u r .
From th e  d a t a ,  i t  would a p p e a r  t h a t  t h e  t e c h n iq u e s  and methods 
used  above d id  no t  produce c o n s i s t e n t  enough r e s u l t s  t o  d e f i n e  a 
p o s s i b l e  s e n s i t i v i t y  rhythm. Where v e ry  l a r g e  numbers o f  i n s e c t s  
were u sed ,  t h i s  d e f i c i e n c y  appeared  to  be c o r r e c t e d .  However, 
unde r  t h e  c o n d i t i o n s  o f  t h i s  s tu d y  a s e n s i t i v i t y  rhythm was no t  
i n d i c a t e d »
S e n s i t i v i t y  Rhythm S tu d ie s  on th e  B o l l  Weevil and 
House F ly  U t i l i z i n g  th e  T o p ic a l  A p p l i c a t i o n  Technique
The t o p i c a l  a p p l i c a t i o n  o f  known amounts o f  i n s e c t i c i d e s  on 
t h e  body o f  i n s e c t s  has  become a r o u t i n e  l a b o r a t o r y  t e c h n iq u e  in  
d e te rm in in g  t h e i r  r e sp o n s e  to  i n s e c t i c i d e s  (Shepard ,  1958) .  One 
o f  t h e  main a t t r i b u t e s  of  t h i s  t e c h n iq u e  i s  i t s  r e p r o d u c i b i l i t y  o f  
r e s u l t s .  C o n seq u en t ly ,  s e n s i t i v i t y  rhythm s t u d i e s  u t i l i z i n g  t h i s  
t e c h n iq u e  were performed on bo th  th e  b o l l  w e e v i l  and t h e  house  f l y  
r e a r e d  under  s e v e r a l  p h o to p e r io d s .
B o l l  Weevil
The f i r s t  s e r i e s  o f  exper im en ts  in v o lv ed  t r e a t i n g  b o l l  
w e e v i l s  (M arsha l l  s t r a i n )  from t h r e e  p h o to p e r io d s  a t  t h r e e  hour 
i n t e r v a l s  (beg in n in g  w i th  o n s e t  o f  "dawn") w i t h  a dosage o f  methyl 
p a r a t h i o n  a p p ro x im a t in g  th e  and o b s e rv in g  th e  m o r t a l i t y  a f t e r
24 h o u r s .  Summaries o f  t h e  m o r t a l i t y  d a t a  f o r  th e  10 - ,  1 4 - ,  and 
24-hour  p h o to p e r io d s  a r e  p r e s e n t e d  in  T ab le s  X, XI, and X I I ,  
r e s p e c t i v e l y ,
A t o t a l  o f  seven  exper im en ts  were  performed u s in g  b o l l  
w e e v i l s  from th e  10-hour  p h o to p e r io d .  These i n s e c t s  ranged in  
age from fo u r  to  tw e lv e  d ay s .  There  was c o n s id e r a b l e  v a r i a t i o n  
w i t h i n  and among t h e  e x p e r im e n ts .  The d i f f e r e n c e s  i n  the  h igh  and 
low m o r t a l i t y  v a lu e s  f o r  exper im en ts  A th ro u g h  G were 27, 40, 43, 
22, 24, 20, and 20 p e r  c e n t  r e s p e c t i v e l y .  However, t h e r e  were no
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Table X. Summary of 24-hour mortality data obtained from boll weevils from a 10-hour photoperiod
treated with methyl parathion using the topical application technique.
Experiment
A B C D
Time o f No. Dead %
Mort.
No. Dead 7.
Mort.
No. Dead 7.
Mort.
No. Dead %
Mort .Trea tments  No . T re a te d No. T re a ted No. T rea te d No. T rea ted
6 A.M. 8/30 27 12/60 20 51/75 68 35/120 29
9 A.M. 9/30 30 14/60 23 34/75 45 32/120 27
12 Noon 7/30 23 5/60 8 39/75 52 41/120 34
3 P.M. 1/30 3 12/60 20 28/75 37 73/150 49
6 P.M. |
3 /30 10 15/45 33 19/75 25 - - - -
1
9 P.M. 9/30 30 22/60 37 - - - - - - —
12 MN 7/30 23 28/60 47 - - - - - -
3 A.M. 7/30 23 29/60 48 — - - - - —
Dosage/weevi l 0 .065 ug 0.06 ug 0 .08  ug 0 .08  ug
Age 4 days 7 days 9 days 10 days
•Nj
Table  X (co n t in u e d )
Experiment
E F G T o ta l
Time o f No. Dead 7. No. Dead 7. No. Dead 7. No. Dead
Average 
Per  Cent
Trea tment  No . T rea ted M ort . No. T rea ted Mort. No. T rea ted Mort . No. T re a ted M o r t a l i t y
6 A.M. 26/75 35 44/75 59 176/435 40.2
9 A.M._ 57/75 76 15/75 20 51/75 68 212/510 41 .6
12 Noon 63/75 84 22/75 29 36/75 48 213/510 4 1 .8
3 P.M. 45/75 60 24/75 32 - - - - 181/465 38.9
6 P.M. 62/75 83 11/75 15 — - - 110/300 36.7
9 P.M. 49/75 65 23/75 31 — - - 103/240 42 .9
12 MN 63/75 84 16/75 21 - - - - 114/240 47 .5
3 A.M. 78/105 74 20/75 27 - - - - 134/270 50 .0
D o sa g e /v e ev i l 0 .08  ug 0 .0 8  ug 0 .08  ug
Age 10 days 10 days 12 days
u>
CD
Table XI. Summary of 24-hour mortality data obtained from boll weevils from a 14-hour photoperiod
treated with methyl parathion using the topical application technique.
Experiment
T o ta lA B C
Time o f No. Dead 7.
Mort.
No. Dead 7.
Mort.
No. Dead 7,
M ort .
No. Dead
Average 
Per  Cent 
M o r t a l i t yTreatment  No. T re a ted No. T re a te d No. T re a te d No. T rea ted
6 A.M. 74/135 55 49/75 65 123/210 58.5
9 A.M. 93/135 70 72/90 80 43/75 57 208/300 69.3
12 Noon 67/135 50 67/75 89 34/75 45 168/275 58.9
3 P.M. 73/135 54 - - - - 41/75 55 114/210 54.2
6 P.M. 59/135 44 — - - 33/75 44 92/210 4 3 .8
9 P.M. 85/135 63 — - - - - - - 85/135 62.9
12 MN 68/135 50 — — - - 68/135 50.3
3 A.M. 83/135 61 — — 83/135 61 .4
Dosage/weevil 0 .08  ug 0 .08  ug 0. 08 ug
Age 10 days 11 days 12 days
w
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Table XII. Summary of 24-hour mortality data obtained from boll weevils from a 24-hour photoperiod
treated with methyl parathion using the topical application technique.
Experiment
A B C D T o ta l
Time of No. Dead 7. No. Dead 7. No. Dead 7. No. Dead % No. Dead
Average 
Per  Cent
Treatment No. Trea ted Mort. No. T rea ted M ort . No. Trea ted Mort. No. T rea ted Mort. No. T rea ted M o r t a l i t y
6 A.M. 17/30 57 27/60 45 66/120 55 80/120 67 190/330 57.6
9 A.M. 20/30 67 18/60 30 47/90 50 66/120 55 151/300 58.3
12 Noon 13/30 43 12/60 20 21/69 30 47/120 39 93/279 33.6
3 P.M. 9/30 30 19/60 32 - - - - 18/105 17 46/195 23.6
6 P.M. 6/30 20 26/58 45 - - - - - - - - 32/88 36.4
9 P.M. 18/30 60 37/59 63 - - - - - - _ _ 55/89 i 62.2
12 MN 11/30 37 27/58 47 — - - 38/88 43.2
3 A.M. 8/30 27 28/60 47 - - — 36/90 40 .0
Dosage/weevil  0 .065 ug 0.06 ug 0.08 ug 0.08 ug
Age 4 days 7 days 10 days 10 days
o
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i n d i c a t i o n s  o f  a s ix - h o u r  s e n s i t i v i t y  c y c l e .  F u r th e rm o re ,  i f  the  
m o r t a l i t y  o c c u r r i n g  d u r in g  t h e  l i g h t  phase  i s  compared to  t h e  
m o r t a l i t y  o c c u r r i n g  d u r in g  the  d a rk  p h ase ,  t h e r e  i s  no i n d i c a t i o n  
o f  a 24-hour  s e n s i t i v i t y  c y c l e .  When th e  m o r t a l i t y  d a ta  f o r  a l l  
ex p e r im en ts  a r e  combined, v e r y  l i t t l e  d i f f e r e n c e  (2.9%) e x i s t s  
between th e  r e s u l t s  o b ta in ed  d u r in g  th e  l i g h t  p h ase .  I t  should  
be p o in t e d  ou t  t h a t  i n  combining th e  o b s e r v a t i o n s  o f  a l l  th e  
e x p e r im e n t s ,  d i f f e r e n c e s  i n  m o r t a l i t y  d a t a  r e s u l t i n g  from age,  
dosage ,  and number o f  i n s e c t s  t r e a t e d  a r e  a so u rce  of  b i a s .  How­
e v e r ,  d u r in g  t h e  l i g h t  phase ,  t h e  number o f  i n s e c t s  t r e a t e d  w i th  
methyl  p a r a t h i o n  a t  each t h r e e - h o u r  i n t e r v a l  was r a t h e r  l a r g e  and 
c o n s i s t e n t  (435 to  510 i n s e c t s ) .
Three exper im en ts  were conducted  u s in g  b o l l  w e e v i l s  from 
t h e  14-hour  p h o to p e r io d .  In  Experiment  A, a t o t a l  o f  135 t e n - d a y  
o ld  i n s e c t s  was t r e a t e d  a t  t h r e e - h o u r  i n t e r v a l s  s t a r t i n g  a t  6 A.M. 
(dawn). I n  t h i s  p a r t i c u l a r  ex p e r im en t ,  a c y c l i c  r e s p o n s e  s i m i l a r  
t o  t h a t  d e s c r i b e d  by Cole and Adkisson (1964) was n o ted  (Graph I I ) .  
However, t h e r e  was on ly  a 24 p e r  c e n t  d i f f e r e n c e  i n  m o r t a l i t y  a t  
t h e  h i g h e s t  and low es t  p o i n t s .  E leven-  and tw e lv e -d ay  o ld  b o l l  
w e e v i l s  were used  i n  Experiments  B and C, n e i t h e r  o f  which covered  
a tw e n ty - fo u r  hour  p e r io d .  Except  f o r  t h e  12 noon o b s e r v a t i o n  in  
Experiment B, t h e s e  d a t a  a r e  s i m i l a r  to  t h a t  o bse rved  in  Experiment  A. 
When th e  d a t a  f o r  th e  t h r e e  exper im en ts  a r e  combined, a s e n s i t i v i t y  
rhythm i s  s t i l l  e v i d e n t  (Graph I I )  d e s p i t e  th e  b i a s  due t o  age and 
number t r e a t e d  in  th e  i n d i v i d u a l  e x p e r im e n ts .  I f  th e  m o r t a l i t y  
r e s u l t s  from th e  l i g h t  phase  a r e  compared t o  th o se  of  th e  dark  phase  
in  Experiment  A, a 24-hour  c y c l e  i s  not  i n d i c a t e d .
. . J
Graph 2. Comparison of  th e  24-hour m o r t a l i t y  d a ta  
from Experiment  A and th e  summary of  a l l  
exper iments  from b o l l  w eev i ls  r e a r e d  and 
c o n d i t io n e d  i n  a  14-hour pho to p e r io d  and 
t r e a t e d  us ing  the  t o p i c a l  a p p l i c a t i o n  
t e c h n i q u e .
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A t o t a l  o f  f o u r  ex p e r im en ts  was conducted  u s in g  b o l l  w e e v i l s  
o f  t h r e e  d i f f e r e n t  ages from th e  24 -hour  p h o to p e r io d .  C o n s id e ra b le  
v a r i a t i o n  o c c u r re d  w i t h i n  and among th e  f o u r  ex p e r im e n t s .  There  
was no i n d i c a t i o n  o f  any type  o f  rhy thmic  r e sp o n s e  to  methyl 
p a r a t h i o n .  Th is  l a c k  o f  r e sp o n s e  might be ex p ec ted  s i n c e  t h e r e  
was no l i g h t - d a r k  e n t r a in m e n t .
I n  comparing t h e  o b s e r v a t i o n s  made u s in g  b o l l  w e e v i l s  from 
th e  t h r e e  p h o t o p e r io d s ,  t h e r e  i s  no ev idence  f o r  a 24-hour  s e n s i ­
t i v i t y  c y c l e  to  methyl  p a r a t h i o n .  R e s u l t s  o f  exper im en ts  conducted  
w i t h  i n s e c t s  from the  14-hour  p h o to p e r io d  i n d i c a t e d  a s i x - h o u r  
s e n s i t i v i t y  c y c l e .  However, t h e r e  was no i n d i c a t i o n  o f  such a 
c y c l e  in  w e e v i l s  from t h e  10-hour  p h o to p e r io d ,  a l th o u g h  i t  has 
been  r e p o r t e d  t h a t  a 10-hour  p h o to p e r io d  caused  th e  rhythm to  be 
more pronounced.  A lso ,  th e  r e s u l t s  f o r  th e  24-hour  p h o to p e r io d  
showed no a p p a re n t  rhythm in  s e n s i t i v i t y .  However,  t h e r e  was a 
s i g n i f i c a n t  d i f f e r e n c e  between th e  av e rage  p e r  c en t  m o r t a l i t y  
o b t a i n e d  w i th  b o l l  w e e v i l s  from th e  10-hour  p h o to p e r io d  compared 
to  w e e v i l s  from both  th e  14- and th e  24-hour  p h o t o p e r io d s .  There 
was no s i g n i f i c a n t  d i f f e r e n c e  between th e  m o r t a l i t i e s  o b ta in e d  
w i th  w e e v i l s  from th e  14-hour  p h o to p e r io d  compared to  w e e v i l s  from 
t h e  24 -hour  p h o to p e r io d .
I n  a f u r t h e r  a t t e m p t  t o  d e f i n e  th e  rhy thm ic  c y c l e  proposed 
f o r  b o l l  w e e v i l s  t o  methyl  p a r a t h i o n  (Cole and Adkisson ,  1964) 
an exper im en t  was conduc ted  to  d e te rm in e  t h e  LD^q and LD^q v a lu e s  
a t  t h r e e - h o u r  i n t e r v a l s .  These v a lu e s  shou ld  g iv e  a more a c c u r a t e  
e s t i m a t e  o f  th e  t o x i c i t y  r e sp o n se  th an  u s in g  a s i n g l e  dose .
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The w e e v i l s  ( C a s t l e b e r r y ' s  s t r a i n )  were t r e a t e d  by t o p i c a l  
a p p l i c a t i o n  w i th  t h e  fo l lo w in g  dosages  o f  methy l  p a r a t h i o n :  0 .0 4 ,  
0 .0 5 ,  0 ,0 6 ,  0 . 0 8 ,  and 0 .1  microgram p e r  w e e v i l .  T rea tm en ts  were 
made a t  t h r e e - h o u r  i n t e r v a l s  b eg in n in g  a t  6 A.M. ( l i g h t s  on) u s in g  
w e e v i l s  from a 14-hour  p h o to p e r io d .
A n a ly s i s  of t h e  r e s u l t s  (Table  X I I I )  i n d i c a t e d  no s i g n i f i c a n t
d i f f e r e n c e  between t h e  LD ' s a t  t h e  t h r e e  i n t e r v a l s  t e s t e d  nor
90
between th e  LD^^'s a t  th e  9 A.M. and 12 noon t r e a t m e n t s .  There was 
a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  LD^q o f  t h e  6 A.M. t r e a t m e n t  as  
compared t o  t h e  LD^q ' s o f  t h e  9 A.M. and 12 noon t r e a t m e n t s .  The 
a v e rag e  1 0 ^  and L D ^  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from any of  
t h e  t h r e e  t r e a t m e n t s .  However,  t h e  h i g h e s t  v a lu e  (0 .0706 ug /
w e e v i l )  o c c u r re d  a t  th e  " l i g h t s  on" t r e a t m e n t  i n d i c a t i n g  in  t h i s  
i n s t a n c e  t h a t  they  were more t o l e r a n t  a t  "dawn" th an  a t  t h r e e  and 
s i x  hours  l a t e r .
4.
Another  s e r i e s  of  e x p e r im en ts  in v o lv e d  t r e a t i n g  b o l l  w e e v i l s  
( C a s t l e b e r r y  s t r a i n )  from two p h o to p e r io d s  a t  o ne -hour  i n t e r v a l s  
(beg in n in g  w i th  o n s e t  of  "dawn" i n  t h e  10-hour  p h o to p e r io d )  w i th  a 
dosage  of m ethy l  p a r a t h i o n  ap p ro x im a t in g  t h e  1>D^ q . Summaries of  
t h e  24-hour  m o r t a l i t y  d a t a  f o r  th e  10- and 24-hour  p h o to p e r io d s  a r e  
p r e s e n t e d  i n  T a b le s  XIV and XV.
Data from t h e  two e x p e r im e n t s  conducted  u s in g  w e e v i l s  from 
th e  10-hour  p h o to p e r io d  (Table  XIV) showed no i n d i c a t i o n  o f  any 
s e n s i t i v i t y  rhythm. Combining th e  d a t a  o f  t h e  two e x p e r im en ts  d id  
n o t  change th e  p r e v io u s  c o n d i t i o n s .  The d a t a  o b t a in e d  u s in g  b o l l  
w e e v i l s  from th e  24-hour  p h o to p e r io d  were l i k e w i s e  i n c o n c l u s i v e
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Ta b le  X I I I .  T o x i c o l o g i c a l  r e sp o n se  o f  b o l l  w e e v i l s  t r e a t e d  t o p i c a l l y  
w i t h  methyl  p a r a t h i o n  a t  3 -h o u r  I n t e r v a l s  w i th  t h e  
LD-50 's  and LD-90 's  e x p re s s e d  as micrograms o f  i n s e c t i c i d e  
p e r  b o l l  w e e v i l  w i t h  upper  and lower c o n f id e n c e  l i m i t s  
a t  t h e  95 p e r  cen t  l e v e l . * /
Time o f  
Trea tm ent LD-50 Lower Upper LD-90 Lower Upper
6 A.M. 0.0706 0.0610 0.0817 0.1641 0.1061 0 .2540
9 A.M. 0 .0534 0.0473 0.0603 0 .1044 0 .0824 0.1322
12 Noon 0 .0543 0.0467 0.0631 0.1284 0.0893 0.1845
Average 0 .0586 0 .0542 0 .0633 0.1303 0.1071 0.1586
a /  Ten day o ld  b o l l  w e e v i l s  ( C a s t l e b e r r y  s t r a i n )  from a 14-hour  
p h o t o p e r i o d .
Table XIV. Summary of 24-hour mortality data obtained using boll weevils (Castleberry strain) from *
a 10-hour photoperiod treated with methyl parathion using the topical application technique.—
Time of  
Treatment
Experiment
T o ta lA B
No. Dead %
Mort.
No. Dead %
Mort.
No. Dead
Average 
Per  Cent 
M o r t a l i t yNo. Trea ted No. Trea ted No. Trea ted
6 A.M. 8/30 27 13/28 46 21/58 36
7 A.M. 7/30 23 11/15 73 18/45 40
8 A.M. 12/30 40 18/30 60 30/60 50
9 A.M. 9/30 30 15/30 50 24/60 40
10 A.M. 7/30 23 20/38 53 27/68 40
11 A.M. 7/30 23 18/30 60 25/60 42
12 Noon 7/30 23 7/15 47 14/45 31
1 P.M. 12/30 40 12/30 40
2 P.M. 10/30 33 10/15 67 20/45 44
3 P.M. 1/30 3 10/30 33 11/60 18
4 P.M. 5/30 16 5/15 33 10/45 22
5 P.M. * 8/30 27 15/30 50 23/60 38
6 P.M. 3/30 10 4/15 27 7/45 16
7 P.M. 3/30 10 14/30 47 17/60 28
8 P.M. 9/30 30 16/30 53 25/60 42
9 P.M. 9/30 30 5/15 33 14/45 31
10 P.M. 11/30 37 12/30 40 23/60 38
11 P.M. 8/30 24 4/15 27 12/45 27
12 MN 7/30 23 14/30 47 21/60 35
1 A.M. 4/30 13 9/15 60 14/45 31
2 A.M. 3/30 10 7/15 47 10/45 22
3 A.M. 7/30 23 5/15 33 12/45 27
4 A.M. 7/30 23 13/23 57 20/53 38
5 A.M. 7/30 23 5/15 33 12/45 27
a /  5-day o ld  b o l l  w eev i l s  t r e a t e d  w i th  0.065 ug methyl p a r a th io n /w e e v i l .
Table XV. Summary of 24-hour mortality data obtained using boll weevils (Castleberry strain) from
a 24-hour photoperiod treated with methyl parathion using the topical application technique.— '
Time of 
Treatment
Experiment
To ta lA B
No. Dead %
Mort.
No. Dead %
Mort.
No. Dead
Average 
Per  Cent 
M o r t a l i t yNo. Trea ted No. Trea ted No. Trea ted
6 A.M. 17/30 57 19/30 63 36/60 60
7 A.M. 8/30 27 14/15 93 22/45 49
8 A.M. 17/30 57 24/30 80 41/60 68
9 A.M. 20/30 67 3/8 38 23/38 61
10 A.M. 16/30 53 16/30 53
11 A.M. 21/30 70 20/30 67 41/60 68
12 Noon 13/30 43 9/15 60 22/45 49
1 P.M. 7/30 23 25/30 83 32/60 53
2 P.M. 5/30 17 15/15 100 20/45 44
3 P.M. 9/30 30 29/30 97 38/60 63
4 P.M. 17/30 57 9/15 60 26/45 58
5 P.M. 11/30 37 20/30 67 31/60 52
6 P.M. 6/30 20 13/15 87 19/45 42
7 P.M. 10/30 33 25/30 83 35/60 58
8 P.M. 25/30 83 13/15 87 38/45 84
9 P.M. 18/30 60 24/30 80 42/60 70
10 P.M. 15/30 50 15/15 100 30/45 67
11 P.M. 11/30 37 26/30 87 37/60 62
12 MN 11/30 37 12/15 80 23/45 51
1 A.M. 10/30 33 28/30 93 38/60 63
2 A.M. 5/30 17 11/15 73 16/45 36
3 A.M. 8/30 27 24/30 80 32/60 53
4 A.M. 11/30 37 12/15 80 23/45 51
5 A.M. 10/30 33 19/30 63 29/60 48
a /  5-day old  b o l l  weev i ls  t r e a t e d  w i th  0.065 ug methyl p a ra th io n /w e e v i l .
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(Table  XV). Under the  c o n d i t i o n s  o f  t h e s e  s t u d i e s ,  n e i t h e r  t h e  
e n t r a i n e d  nor  th e  u n e n t r a i n e d  b o l l  w e e v i l s  seemed t o  p o s se s s  a s e n s i ­
t i v i t y  rhythm to  methyl p a r a t h i o n .
House F ly
The f i r s t  s e r i e s  o f  ex p e r im en ts  in v o lv ed  t r e a t i n g  female 
house f l i e s  (Orlando s u s c e p t i b l e  s t r a i n )  from t h r e e  p h o to p e r io d s  
a t  t h r e e - h o u r  i n t e r v a l s  ( b eg in n in g  w i t h  o n s e t  o f  "dawn") w i t h  methyl  
p a r a t h i o n  and o b s e rv in g  th e  m o r t a l i t y  a f t e r  24 h o u r s .  Summaries o f  
th e  m o r t a l i t y  d a t a  f o r  the  10- ,  1 4 - ,  and 24-hour  p h o to p e r io d s  a r e  
p r e s e n t e d  in  Tab le s  XVI, XVII,  and XVIII ,  r e s p e c t i v e l y .
F iv e  exper im en ts  were performed w i th  f l i e s  r a n g in g  in  age 
from f i v e  to  n in e  days from th e  10-hour  p h o to p e r io d .  The d a ta  
from th e  i n d i v i d u a l  e x p e r im e n t s ,  as w e l l  as a summation o f  d a t a  
f o r  a l l  th e  exper im en ts  r e v e a l e d  no i n d i c a t i o n s  o f  a s e n s i t i v i t y  
rhythm to  methyl p a r a t h i o n .  I n  f a c t ,  a v e r y  un iform  r a t e  of  
m o r t a l i t y  was r e c o rd e d .
Four  exper im en ts  were conduc ted  u s in g  f i v e -  to  n in e - d a y  
o ld  f l i e s  from th e  14-hour  p h o to p e r io d .  Again t h e r e  was no i n d i c a t i o n  
o f  a c y c l i c  r e sp o n se  to  methyl  p a r a t h i o n ,  and a f a i r l y  un i fo rm  r a t e  
o f  m o r t a l i t y  f o r  a l l  th e  t r e a t m e n t s  was found.
F iv e -  t o  n in e - d a y  o ld  f l i e s  from a 24-hour  p h o to p e r io d  
responded e s s e n t i a l l y  th e  same as th e  l i g h t - d a r k  e n t r a i n e d  f l i e s .
No ev idence  o f  a c y c l i c  r e s p o n s e  t o  methyl p a r a t h i o n  was e v i d e n t .
O v e r a l l ,  t o p i c a l  a p p l i c a t i o n  o f  methyl  p a r a t h i o n  on house 
f l i e s  appeared  to  r e s u l t  i n  f a i r l y  u n i fo rm  m o r t a l i t y  r a t e s ,  r e g a r d l e s s  
o f  th e  p h o to p e r io d  to  which th ey  were exposed ,  o r  t h e  time o f  day of  
t r e a t m e n t .  For  i n s t a n c e ,  th e  t o t a l  m o r t a l i t y  o b t a in e d  in  u s in g  f l i e s
Table XVI. Summary of the 24-hour mortality response of houseflies from a 10-hour photoperiod treated
at three-hour intervals with methyl parathion using the topical application technique.
Time o f  
Treatment
Experiment
A B C
No. Dead %
Mort.
No. Dead %
Mort.
No. Dead %
Mort.
V
No. Trea ted No. Trea ted No. Trea ted
6 A.M. 30/40 75 33/40 83 17/30 57
9 A.M. 24/40 63 30/40 75 15/30 50
12 Noon 24/40 60 34/40 85 18/30 60
3 P.M. 31/40 78 29/40 73 22/30 73
6 P.M. 30/40 75 29/40 73 21/30 70
9 P.M. 38/40 95 33/40 83 8/30 27
12 MN 35/40 88 29/40 73 12/30 40
3 A.M. 37/40 95 29/40 73 16/30 53
Age 5 days 5 days 6 days
Dosage /f ly 0.025 ug 0.03 ug 0.03
Average w t . / f l y 14,4  mg 17.2 mg 19.2 mg
Table XVI (continued)
Time o f  
Treatment
Experiment
To ta lD E
No. Dead %
Mort.
No. Dead %
Mort.
No. Dead
Average 
Per  Cent 
M o r t a l i t yNo. T rea ted No. Trea ted No. T rea ted
6 A.M. 51/55 93 26/41 63 157/206 76
9 A.M. 50/58 86 27/40 68 147/208 71
12 Noon 32/60 53 21/40 53 129/210 61
3 P.M.* 38/61 62 27/40 68 147/211 70
6 P.M. 36/60 60 25/40 63 141/210 67
9 P.M. 45/60 75 35/40 88 159/210 76
12 MN 50/62 81 27/40 68 153/212 72
3 A.M. 49/60 82 31/43 72 162/213 76
Age 6 days 9 days
Dosage / f ly 0.03 ug 0.03 ug
Average w t . / f l y 19.8 mg 20.0 mg
Table XVII. Summar^ of the 24-hour mortality response of houseflies from a 14-hour photoperiod
treated at three-hour intervals with methyl parathion using the topical application
technique.
Experiment
A B C
Time of No. Dead % No. Dead 7. No. Dead %
Treatment No. T rea ted Mort. No. Trea ted Mort. No. T rea ted Mort.
6 A.M. 34/40 85 27/40 68 8/20 40
9 A.M. 25/40 63 19/40 48 6/20 30
12 Noon 22/40 55 23/39 59 13/20 65
3 P.M. 27/40 68 21/40 53 8/20 40
6 P.M. 23/40 58 16/40 40 9/20 45
9 P.M. 30/40 75 30/40 75 5/20 25
12 MN 31/40 78 15/40 38 9/20 45
3 A.M. 33/40 83 20/40 50 3/20 15
Age 5 days
*
5 days 6 days
D osage / f ly 0.025 ug
•
0.03 ug 0.03 ug
Average wt./fly 15.5 mg 18.7 mg 21.4 mg
Table XVII (continued)
Treatment
Experiment
D T o ta l
No, Dead 
No. Trea ted
%
Mort.
No. Dead 
No. Trea ted
Average 
Per  Cent 
M o r t a l i t y
6 A.M. 32/58 55 101/178 57
9 A.M. 21/39 54 71/139 51
12 Noon 14/40 35 72/139 52
3 P.M. 21/41 51 77/141 55
6 P.M. 23/40 58 71/140 51
9 P.M. 20/40 50 85/140 61
12 MN 20/40 50 75/140 54
3 A.M. 17/39 44 75/139 52
Age 9 days
D osage /f ly 0.03 ug
Average w t . / f l y  19 mg
Table XVIII. Summary of the 24-hour mortality response of houseflies from a 24-hour photoperiod
treated at three-hour intervals with methyl parathion using the topical application
technique.
Experiment
A B C
Time o f No. Dead % No. Dead 7. No. Dead %
Treatment No. T re a te d Mort. No. T rea te d Mort. No. T rea te d Mo:
6 A.M. 33/40 83 22/40 55 26/38 68
9 A.M. 19/40 48 16/40 40 30/40 75
12 Noon 12/40 30 12/40 30 18/60 30
3 P.M. 17/40 43 15/40 38 19/61 31
6 P.M. 15/40 38 14/40 35 18/40 45
9 P.M. 16/40 40 13/40 33 18/40 45
12 MN 17/40 43 14/40 35 24/41 59
3 A.M. 26/40 65 18/40 45 20/40 50
Age 5 days 5 days 5 days
D o sag e / f ly 0.025 ug
i
0 .03  ug 0.03 ug
Average wt./fly 15.1 mg 22.1 mg 24.0 mg
Table XVIII (continued)
Experiment
T o ta l
Average
Time o f  No. Dead % No. Dead Per  Cent
Treatment No. T rea ted  Mort. No. Trea ted  M o r t a l i t y
6 A.M. 26/40 65 107/158 68
9 A.M. 28/40 70 93/160 58
12 Noon 35/42 83 77/182 42
3 P.M. 31/43 72 82/184 45
6 P.M. 30/40 75 77/160 48
9 P.M. 29/40 73 76/160 48
12 MN 26/40 65 81/161 50
3 A.M. 27/40 68 91/160 57
Age 9 days
D osage /f ly  0 .03 ug ^
Average w t . / f l y 16.0 mg
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from th e  14-hour  p h o to p e r io d  v a r i e d  by o n ly  10 pe r  c e n t  from the  
low es t  (51%) t o  t h e  h i g h e s t  (61%) m o r t a l i t y .  The l a r g e s t  amount 
o f  v a r i a t i o n  t h a t  o ccu r red  among th e  t h r e e  p h o to p e r io d s  was 26 
p e r  c e n t .  T h is  o ccu r re d  in  th e  24-hour  p h o to p e r io d .
A s i g n i f i c a n t l y  h i g h e r  pe r  c e n t  m o r t a l i t y  o c cu r re d  w i th  
f l i e s  from th e  10-hour p h o to p e r io d  when compared to  f l i e s  from 
bo th  the  14- and 24-hour  p h o to p e r io d s .
I n  a f u r t h e r  a t t e m p t  to  de te rm in e  i f  t h e r e  was a c y c l i c  
r e sp o n se  i n  house f l i e s  to  methyl p a r a t h i o n ,  t r e a t m e n t s  u s in g  
f l i e s  from th e  1 0 - ,  14- ,  and 24-hour p h o to p e r io d s  were made a t  
o ne -hour  i n t e r v a l s  f o r  24 hours  beg in n in g  a l l  t r e a t m e n t s  a t  the  
o n s e t  o f  dawn (6 A.M.).  M o r t a l i t y  coun ts  were aga in  made 24 
h o u rs  a f t e r  t r e a t m e n t .  A summary o f  t h e s e  d a t a  i s  p r e s e n t e d  in  
T a b le  XIX.
One exper im ent  was conducted  w i th  f l i e s  from t h e  10-hour  
p h o to p e r io d .  However, th e  d a t a  were r a t h e r  i n c o n c l u s i v e  but  
t h e r e  was no i n d i c a t i o n  o f  t h e  p re se n c e  o f  a rhythm. Two exper im ents  
were conducted  on f l i e s  from bo th  th e  14 - ,  and 24-hour  p h o to p e r io d s .  
A lthough  t h e r e  was c o n s id e r a b l e  v a r i a t i o n  w i t h i n  and among e x p e r i ­
ments ,  t h e r e  was no d e f i n i t e  p a t t e r n  in  any o f  the  t e s t s .
One exper im ent  was conducted  u s in g  b o th  male and female 
f l i e s  from th e  10- ,  14- ,  and 24-hour  p h o to p e r io d .  T rea tm en ts  
were made a t  t h r e e - h o u r  i n t e r v a l s  b eg in n in g  w i th  the  o n s e t  o f  dawn. 
Although th e  number of  t e s t  i n s e c t s  used he re  was l i m i t e d ,  t h e r e  
d id  no t  seem to  be a rhythm p r e s e n t  in  e i t h e r  male o r  female  house 
f l i e s  from any o f  th e  t h r e e  p h o to p e r io d s  s t u d i e d  (Table  XX).
Table XIX. Summary of the 24-hour mortality data obtained from house flies treated at one-hour
intervals with methyl parathion using the topical application technique.
Time of  
Treatment
10-Hour Photoper iod 14-Hour Photoperiod
Experiment Experiments
A A B
No. Dead %
Mort.
No. Dead %
Mort.
No. Dead %
Mort.No. Trea ted No. Trea ted No. Trea ted
6 A.M. 3/41 7 11/20 55 18/40 45
7 A.M. 6/40 15 17/23 74 23/40 58
8 A.M. 8/40 20 16/22 78 16/40 40
9 A.M. 9/40 23 13/20 65 20/40 50
10 A.M. 6/40 15 12/21 57 20/40 50
11 A.M. 8/40 20 19/30 63 22/40 55
12 Noon 5/40 13 14/30 47 20/41 49
1 P.M. 9/40 23 14/43 32 22/40 55
2 P.M. 6/40 15 19/40 47 21/40 53
3 P.M. 8/40 20 14/38 36 21/40 53
4 P.M. 9/40 23 7/20 35 18/40 45
5 P.M. 8/43 19 10/20 53 22/40 55
6 P.M. 8/40 20 13/20 65 23/40 58
7 P.M. 7/41 17 12/20 60 20/41 49
8 P.M. 6/43 14 15/20 75 10/42 24
9 P.M. 8/42 19 17/23 74 11/41 27
10 P.M. 11/41 27 9/20 45 21/40 53
11 P.M. 7/40 18 13/20 65 19/41 46
12 MN 10/41 24 11/20 55 22/41 54
1 A.M. 11/40 28 9/23 39 16/40 40
2 A.M. 12/40 30 12/22 55 24/40 60
3 A.M. 8/40 20 18/21 86 15/40 38
4 A.M. 9/40 23 18/21 86 17/40 43
5 A.M. 16/40 40 16/20 80 26/42 62
Age 6 days 3 days 6 days
D osage /f ly 0.025 ug 0.025 ug 0.025 ug
Average w t . / f l y 19.2 mg 16.7 mg 15.7 mg
Table XIX (continued)
Time of  
Treatment
24-Hour Photoperiod
Experiments
A B
No. Dead 
No. Trea ted
%
Mort.
No. Dead 
No. Trea ted
%
Mort.
6 A.M. 31/41 76 6/42 14
7 A.M. 32/40 82 11/42 28
8 A.M. 33/41 80 5/40 13
9 A.M. 29/40 73 6/40 15
10 A.M. 35/44 80 7/40 18
11 A.M. 31/42 74 9/40 23
12 Noon 41/46 89 8/41 20
1 P.M. 15/36 42 14/40 35
2 P.M. 32/40 83 7/40 16
3 P.M. 27/41 66 13/40 33
4 P.M. 31/40 78 13/40 33
5 P.M. 24/40 60 18/40 45
6 P.M. 33/47 70 9/41 22
7 P.M. 25/40 63 9/42 21
8 P.M. 32/40 76 3/43 7
9 P.M. 27/41 66 7/41 17
10 P.M. 25/46 33 11/40 28
11 P.M. 29/42 69 11/33 33
12 MN 24/43 56 9/40 23
1 A.M. 23/42 55 11/40 28
2 A.M. 32/44 73 17/40 43
3 A.M. 33/50 66 12/40 30
4 A.M. 40/52 77 10/40 25
5 A.M. 23/40 58 14/40 35
Age 3 days 6 days
D osage /f ly 0.025 ug 0.025 ug I
Average w t . / f l y 17.0 mg 18.8 mg
Table XX. Comparison of the 24-hour mortality of five-day old male and female house flies from
three photoperiods treated with methyl parathion using the topical application technique.
Time of 
Treatment
10-hour Day
MALE FLIESl/ 
14-hour Day 24-hour Day
No. Dead X
Mort.
No. Dead X
Mort.
No. Dead X
Mort.No. Trea ted No. Trea ted No. Trea ted
6 A.M. 30/40 75 34/40 85 33/40 83
9 A.M. 25/40 63 25/40 63 19/40 48
12 Noon 24/40 60 22/40 55 12/40 30
3 P.M. 31/40 78 27/40 68 17/40 43
6 P.M. 30/40 75 23/40 58 15/40 38
9 P.M. 38/40 95 30/40 75 16/40 40
12 MN 35/40 88 31/40 78 17/40 43
3 A.M. 37/40 93 33/40 83 26/40 65
Average w t . / f l y 14.4 mg 15.5 mg 15.1 mg
FEMALE FLIES^
6 A.M. 33/40 83 27/40 68 22/40 55
9 A.M. 30/40 75 19/40 48 16/40 40
12 Noon 34/40 85 23/39 59 12/40 30
3 P.M. 29/40 75 21/40 53 15/40 38
6 P.M. 29/40 73 16/40 40 14/40 35
9 P.M. 33/40 83 30/40 75 13/40 33
12 MN 29/40 73 15/40 38 14/40 35
3 A.M. 29/41 73 20/40 50 18/40 45
Average w t . / f l y 19.2 mg 18.7 mg 22.1 mg
a /  Trea ted  w i th  0.025 u g / f l y j  b /  Trea ted  w i th  0.03 u g / f l y .
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Under t h e  c o n d i t i o n s  o f  th e  above e x p e r im e n t s ,  t h e r e  was no 
i n d i c a t i o n  o f  a s u s c e p t i b i l i t y  rhythm to  methyl  p a r a t h i o n  in  house 
f l i e s .  Only one s t r a i n  o f  house f l i e s  was examined u s in g  a s i n g l e  
t y p e  o f  a p p l i c a t o r  ( t o p i c a l  a p p l i c a t i o n ) .  However,  d i f f e r e n t  aged 
l i g h t  e n t r a i n e d  and u n e n t r a in e d  f l i e s  were s t u d i e d .
General Considerations
There i s  l i t t l e  ev idence  from t h e s e  s t u d i e s  to  s u p p o r t  t h e  
e x i s t e n c e  o f  a s e n s i t i v i t y  rhythm to  methyl  p a r a t h i o n  i n  t h e  b o l l  
w e e v i l  and no ev id en ce  o f  such a rhythm i n  the  house  f l y .  F u r t h e r ­
more, i f  a rhythm does e x i s t ,  i t  would a p p e a r  t o  be r e l a t i v e l y  
u n im p o r ta n t  as  f a r  as t o x i c o l o g l c a l  t e s t i n g  o f  t o x i c a n t s  a g a i n s t  
t h e s e  two s p e c i e s  o f  i n s e c t s  i s  concerned .
Examinat ion  o f  th e  l i t e r a t u r e  seems to  b e a r  out  t h i s  con­
c l u s i o n .  For  i n s t a n c e ,  t o  name a few o f  th e  many examples ,  com­
p a r i s o n  o f  r e s u l t s  o b t a in e d  i n  r e s i s t a n c e  s t u d i e s  on th e  b o l l  
w e e v i l  by Graves  and Rousse l  (1962) i n  L o u i s i a n a ,  B razze l  and 
Shipp (1962) i n  Texas ,  and Tippens and Beckham (1962) i n  Georg ia  
i n d i c a t e s  t h a t  t h e s e  d a t a  a r e  rem arkab ly  s i m i l a r .  Time o f  day o f  
t r e a t m e n t  was c o m p le te ly  i g n o r e d * i n . t h e s e  e x p e r im e n ts ,  and i t  
seems r a t h e r  u n l i k e l y  t h a t  a l l  t h e se  t r e a t m e n t s  cou ld  have been 
performed a t  t h e  same time o f  day.  L ik ew ise ,  i t  i s  d o u b t f u l  t h a t  
t h e  l i g h t - d a r k  regimen in  which th e se  w e e v i l s  were he ld  b e f o r e  and 
a f t e r  t r e a t m e n t  were t h e  same,, a l th o u g h  they  may have been he ld  
under  c o n t in u o u s  l i g h t .  A lso ,  Graves and Rousse l  (1962) demon­
s t r a t e d  t h e  same LD^q w i t h  methyl  p a r a t h i o n  on b o l l  w e e v i l s  c o l l e c t e d  
n e a r  S t .  J o s e p h ,  L o u i s i a n a  f o r  t h r e e  c o n s e c u t i v e  y e a r s .  LD^Q,g 
f o r  b o l l  w e e v i l s  c o l l e c t e d  from o t h e r  a r e a s  of  L o u i s i a n a  were 
rem arkab ly  s i m i l a r .  S i m i l a r i t y  between house f l y  m o r t a l i t y  d a ta  
i s  a l s o  f a i r l y  c o n s i s t e n t ,  a l th o u g h  no a t t e m p t  has  been made in  the
61
62
p a s t  t o  sy n ch ro n iz e  t h e  t ime o f  t r e a t m e n t s  (Fay _et^  al^. , 1958; 
K i l p a t r i c k  and Schoof ,  1958; and Schoof and K i l p a t r i c k ,  1958).
However,  t h e s e  a u t h o r s  d id  no t  r e p o r t  t h e  l i g h t  c o n d i t i o n s  under 
which t h e  i n s e c t s  were r e a r e d .
Although an a p p a re n t  rhy thm ic  r e sp o n se  t o  m ethy l  p a r a t h i o n  
was o b ta in e d  on t o p i c a l l y  t r e a t e d  w e e v i l s  from th e  14-hour  pho to ­
p e r io d  (Table  X I ) , i t  was no t  n e a r l y  a s  pronounced a s  t h a t  r e p o r t e d  
by Cole and Adklsson (1946) .  A lso ,  t h e r e  was no a p p a re n t  rhythm 
found w i th  l i g h t - d a r k  e n t r a i n e d  w e e v i l s  from th e  10-hour  p h o to p e r io d  
(Table  X), even though t h e r e  were c o n s id e r a b l y  more w e e v i l s  t r e a t e d  
p e r  i n t e r v a l  in  t h i s  p h o to p e r io d  than  i n  t h e  14-hour  p h o to p e r io d .  As 
t h e  number o f  b o l l  w e e v i l s  t r e a t e d  p e r  i n t e r v a l  i n c r e a s e d ,  t h e  amount 
o f  v a r i a t i o n  seemed to  d e c r e a s e .  For i n s t a n c e ,  t h e r e  was l e s s  than  
two p e r  c en t  v a r i a t i o n  in  t h e  t h r e e  t r e a t m e n t s  i n v o l v i n g  th e  
l a r g e s t  number of  t e s t  i n s e c t s  compared t o  about  13 p e r  cen t  v a r i a t i o n  
in  t h e  rem ainder  o f  t h e  i n t e r v a l s  of  t h e  same p h o to p e r io d ,  bu t  
i n v o lv in g  on ly  about  h a l f  a s  many t e s t  i n s e c t s  p e r  i n t e r v a l  as  t h e  
f i r s t  t h r e e  i n t e r v a l s .
Beck (1963) r e p o r t e d  male German co ck roaches  to  be l e a s t  
s u s c e p t i b l e  a t  t h e  b e g in n in g  o f  th e  l i g h t  p e r i o d ,  a s  d id  Cole and 
Adkisson (1964) w i th  t h e  b o l l  w e e v i l .  The d a t a  o b ta in e d  in  some 
e x p e r im en ts  w i th  b o l l  w e e v i l s  r e p o r t e d  i n  t h i s  d i s s e r t a t i o n  a l s o  
i n d i c a t e  t h e r e  i s  an a p p a re n t  minimum s u s c e p t i b i l i t y  to  methyl  
p a r a t h i o n  a t  dawn. However, o n ly  w i th  t o p i c a l l y  t r e a t e d  w e e v i l s  
f r o m . th e  14-hour  p h o to p e r io d  d id  t h e r e  appear  to  be a r e c u r r i n g  
c y c l e  o f  r e s i s t a n c e  and s u s c e p t i b i l i t y .
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As s t a t e d  e a r l i e r ,  t h e  s e n s i t i v i t y  rhythms r e p o r t e d  f o r  
o t h e r  i n s e c t s  have been c o r r e l a t e d  to  t h e  ’’f r e e  r u n n in g ” p e r io d  
of  a c t i v i t y  o f  v e r t e b r a t e s .  That  i s ,  t h e  h i g h e s t  p e r  c e n t  m o r t a l i t y  
o c c u r re d  d u r in g  th e  a c t i v e  p e r i o d s  and th e  l e a s t  m o r t a l i t y  o ccu r red  
d u r in g  p e r i o d s  o f  reduced a c t i v i t y .  Based on th e  r e s u l t s  o f  t h e s e  
i n v e s t i g a t i o n s ,  th e  same c o r r e l a t i o n  might  be made w i th  t h e  b o l l  
w e e v i l .  There  was an i n d i c a t i o n  t h a t  w e e v i l s  from th e  10-hour  
p h o to p e r io d  t r e a t e d  by t h e  r e s i d u a l  f i lm  method of  a p p l i c a t i o n  
were l e a s t  s e n s i t i v e  to  m ethy l  p a r a t h i o n  a t  dawn. S ince  b o l l  
w e e v i l s  a r e  l e s s  a c t i v e  a t  n i g h t ,  t h i s  might  be th e  t ime of day 
when a c t i v i t y  i s  low es t  and t h e r e f o r e  m e ta b o l i c  r a t e s  would a l s o  
be a t  a minimum. Th is  would co r re sp o n d  to  t h e  s p e c u l a t i o n s  by 
Beck (1963) on c o c k ro a ch e s ,  N ow os ie lsk i  e t  a l .  (1964) ,  on house 
c r i c k e t s  and th e  t w o - s p o t t e d  m i t e ,  and a l l  o f  th e  s e n s i t i v i t y  
s t u d i e s  on mice (Halberg  e t  a l . , 1959, 1960) ;  (Haus and H a lbe rg ,
1959) ;  ( E r t e l e t  a l . , 1963).
There  was no i n d i c a t i o n  o f  a p e r io d  o f  l e a s t  s e n s i t i v i t y ,  
n o r  was t h e r e  a c y c l i c  r e sp o n s e  o b ta in e d  w i th  w e e v i l s  from t h e  24- 
hour p h o to p e r io d .  Th is  m ight  i n d i c a t e  t h a t  w e e v i l s  were e n t r a i n e d  
to  t h e  l i g h t - d a r k  p e r io d s  o f  b o th  th e  10-  and 14-hour  p h o t o p e r io d s ,  
bu t  were u n e n t r a i n e d  in  t h e  24-hour  p h o to p e r io d .  Th is  cou ld  a l s o  
i n d i c a t e  t h a t  m e ta b o l i c  r a t e s  d e c r e a s e  t o  a minimum a t  dawn in  
l i g h t - d a r k  e n t r a i n e d  b o l l  w e e v i l s ,  bu t  rem ains  r a t h e r  s t a b l e  o r  
p o s s i b l y  s t a t i c  (bu t  no d e f i n i t e  c y c l i c  p a t t e r n )  i n  u n e n t r a i n e d  
w e e v i l s  from t h e  24-hour  p h o to p e r io d .
B o l l  w e e v i l s  r e a r e d  and c o n d i t i o n e d  in  a 10-hour  p h o to p e r io d  
and t r e a t e d  by t o p i c a l  a p p l i c a t i o n  showed s i g n i f i c a n t l y  l e s s  m o r t a l i t y
( " t "  t e s t )  t h an  d id  w e e v i l s  from e i t h e r  t h e  14- o r  th e  24-hour  
p h o to p e r io d .  F u r th e rm o re ,  eve ry  t r e a t m e n t  i n t e r v a l  o f  t h e  10-hour  
p h o to p e r io d  had l e s s  m o r t a l i t y  th a n  d id  t h e  co r re s p o n d in g  i n t e r v a l  
o f  th e  14-hour  p h o to p e r io d .  There  was no s i g n i f i c a n t  d i f f e r e n c e  
between th e  m o r t a l i t y  o b t a in e d  between t h e  14- and 24-hour  p h o to ­
p e r i o d s .  Even though t h e s e  d a t a  a r e  not  d i r e c t l y  comparable ,  s i n c e  
s e v e r a l  s o u rce s  o f  b i a s  a r e  p r e s e n t ,  t h i s  cou ld  i n d i c a t e  t h a t  
w e e v i l s  from th e  10-hour  p h o to p e r io d  became more d eep ly  e n t r a i n e d  
t o  t h i s  p h o to p e r io d  t h a n  th e y  d id  i n  e i t h e r  th e  14- o r  24-hour  
p h o t o p e r io d s ,  and t h a t  m e ta b o l i c  p r o c e s s e s  became s low er  as a r e s u l t  
o f  t h e  p h o to p e r io d  and t h e r e f o r e  fewer  w e e v i l s  were k i l l e d .  However, 
t h e  b i a s  f a c t o r s  such  as age and w e igh t  o f  w e e v i l s ,  dosage of  
i n s e c t i c i d e ,  and number o f  w e e v i l s  t r e a t e d  p e r  i n t e r v a l  must be 
t a k e n  i n t o  c o n s i d e r a t i o n .
House f l i e s  e x h i b i t e d  a more u n i fo rm  m o r t a l i t y  r a t e  t h ro u g h ­
o u t  each  exper im en t  th a n  d id  th e  b o l l  w e e v i l s ,  a l t h o u g h  fewer  f l i e s  
were t r e a t e d  p e r  t r e a t m e n t  i n t e r v a l .  Th is  would ap pear  to  i n d i c a t e  
t h a t  the  house f l i e s  were more homozygous i n  s u s c e p t i b i l i t y  to  
methyl  p a r a t h i o n  th a n  were t h e  b o l l  w e e v i l s .
A s i g n i f i c a n t  d i f f e r e n c e  was d em o n s t r a ted  among th e  t h r e e  
p h o to p e r io d s  i n d i c a t i n g  t h a t  f l i e s  r e a r e d  and c o n d i t i o n e d  in  a 10- 
hour  p h o to p e r io d  were more s u s c e p t i b l e  th a n  th o se  from bo th  14- and 
24-hour  p h o t o p e r io d s .  Th is  m o r t a l i t y  r e s p o n s e  o b ta in e d  w i th  house 
f l i e s  from th e  10-hour  p h o to p e r io d  compared to  t h e  14- and 24-hour  
p h o to p e r io d s  i s  j u s t  r e v e r s e  o f  t h a t  o b t a in e d  w i t h  b o l l  w e e v i l s  
from the  10-hour  p h o to p e r io d  compared to  th e  14- and 24-hour  p ho to ­
p e r i o d s .  Whereas,  b o l l  w e e v i l s  from a 10-hour  p h o to p e r io d  were
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l e a s t  s e n s i t i v e  t o  methyl  p a r a t h i o n ,  house f l i e s  from t h i s  p ho to ­
p e r i o d  were t h e  most s e n s i t i v e  when compared to  th e  14- and 24-hour 
p h o to p e r io d s .  However, t h e  same u n c o n t r o l l e d  v a r i a b l e s  ment ioned in  
th e  p re ce d in g  p a rag raph  were invo lved  and no d e f i n i t e  c o n c lu s io n s  
can be made. LD^q ' s were n o t  de te rm ined  f o r  f l i e s  f o r  p a r t i c u l a r  
i n t e r v a l s  from th e  t h r e e  p h o to p e r io d s .  The LD^q ' s would have to  be 
known to  compare a c c u r a t e l y  m o r t a l i t y  r a t e s  among the  t h r e e  pho to ­
p e r i o d s .  The f l i e s  were weighed and t h i s  w e igh t  was used in  a d j u s t i n g  
th e  dosage o f  i n s e c t i c i d e  when the  mean weigh t  o f  th e  group o f  f l i e s  
was c o n s id e r a b l y  d i f f e r e n t  from t h a t  o f  th e  p r e v i o u s l y  t r e a t e d  group.  
However, t h i s  gave on ly  a rough e s t i m a t e  o f  th e  based on the
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p r e l i m i n a r y  t e s t s .
I n  t h e  o r i g i n a l  e x p e r im e n ts ,  o n ly  female house f l i e s  were 
used ,  s i n c e  t h i s  i s  the  sex w i th  which most l a b o r a t o r y  t o x i c o l o g i c a l  
s t u d i e s  a r e  made. However, a f t e r  s e v e r a l  t e s t s  w i th  t h i s  s ex ,  a n o th e r  
exper im en t  was performed comparing th e  r e s u l t s  o b ta in e d  by t r e a t i n g  
bo th  males and fem ales .  Except  t h a t  males r e q u i r e d  a s m a l l e r  dosage 
o f  i n s e c t i c i d e ,  th e  r e s u l t s  were q u i t e  s i m i l a r .
I t  was a l s o  dem ons t ra ted  in  t h e s e  exper im en ts  t h a t  bo th  b o l l  
w e e v i l s  and house  f l i e s  became i n c r e a s i n g l y  t o l e r a n t  w i th  age to  
methyl  p a r a t h i o n .  This  i s  s i m i l a r  to  t h e  f in d i n g s  o f  Ivey  (1967) on 
b o l l  w e e v i l s  w i t h  e n d r in  and w i th  Hadaway and Barlow (1957) on house 
f l i e s  w i th  d i a z in o n .
SUMMARY
The p o s s i b l e  e x i s t e n c e  o f  a s e n s i t i v i t y  rhythm to  methyl  
p a r a t h i o n  in  th e  b o l l  w eev i l  and house f l y  was i n v e s t i g a t e d .  T es t  
i n s e c t s  were r e a r e d  and c o n d i t i o n e d  under  10- ,  14 - ,  and 24-hour 
p h o to p e r io d s .  The 24-hour p h o to p e r io d  was in c lu d e d  in  o r d e r  t h a t  
comparisons  could  be made between l i g h t - d a r k  e n t r a i n e d  and un­
e n t r a i n e d  i n s e c t s .  T o x ican t  a p p l i c a t i o n  to  t h e  b o l l  w eev i l  was 
by bo th  t h e  r e s i d u a l  f i l m  and t o p i c a l  a p p l i c a t i o n  t e c h n i q u e s .
A l l  house  f l y  s e n s i t i v i t y  s t u d i e s  were conducted  u t i l i z i n g  the  
t o p i c a l  a p p l i c a t i o n  t e c h n iq u e .  A p p l i c a t i o n s  were made a t  one-  o r  
t h r e e - h o u r  i n t e r v a l s .  Two b o l l  w ee v i l  s t r a i n s  (M arsha l l  and 
C a s t l e b e r r y )  and one house f l y  s t r a i n  (Orlando s u s c e p t i b l e )  were 
used in  t h e s e  s t u d i e s .
Under t h e  e x p e r im e n ta l  c o n d i t i o n s  d e s c r i b e d ,  o n ly  b o l l  
w e e v i l s  (M arsha l l  s t r a i n )  from th e  14-hour  p h o to p e r io d  t r e a t e d  by 
t o p i c a l  a p p l i c a t i o n  seemed to  e x h i b i t  a s e n s i t i v i t y  rhythm to  
methyl p a r a t h i o n .  However, the  d i f f e r e n c e s  among th e  t r e a t m e n t s  
was n o t  pronounced.  The a p p a re n t  s e n s i t i v i t y  c y c l e  was of  t h e  same 
type  r e p o r t e d  by Cole and Adkisson (1964) in  t h a t  w e e v i l s  were l e s s  
s u s c e p t i b l e  a t  dawn and a t  s i x - h o u r  i n t e r v a l s  t h e r e a f t e r  t h a n  a t  
t h r e e  hours  a f t e r  dawn and ensu ing  s i x - h o u r  i n t e r v a l s .  A lso ,  
w e e v i l s  from th e  10-hour  p h o to p e r io d  t h a t  were t r e a t e d  u s in g  th e  
r e s i d u a l  f i lm  te ch n iq u e  seemed to  be l e s s  s u s c e p t i b l e  a t  dawn. 
F u r th e rm o re ,  comparison o f  LD^q ' s o b t a in e d  from w e e v i l s  from the
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14-hour  p h o to p e r io d  u s in g  t h e  t o p i c a l  a p p l i c a t i o n  t e c h n iq u e  r e v e a l e d  
t h a t  th e  LD^q computed f o r  t h e  dawn t r e a t m e n t  was l e s s  th a n  th e  LD^q ' s 
computed f o r  t r e a t m e n t s  t h r e e  and s i x  h o u rs  l a t e r .  .
B o l l  w e e v i l s  from t h e  10- and 24-hour  p h o to p e r io d s  t r e a t e d  
by t o p i c a l  a p p l i c a t i o n  as  w e l l  a s  b o l l  w e e v i l s  from th e  10 - ,  1 4 - ,  
and 24-hour  p h o to p e r io d s  t r e a t e d  by r e s i d u a l  f i lm  te c h n iq u e  e x h i b i t e d  
no a p p a r e n t  d a i l y  rhythm t o  m ethy l  p a r a t h i o n .  There  was no i n d i c a t i o n  
o f  a rhy thmic  re sp o n se  to  t h i s  i n s e c t i c i d e  i n  w e e v i l s  o f  th e  C a s t l e ­
b e r r y  s t r a i n .  A lso ,  t h e  r e p o r t  (Cole and A dkisson ,  1964) t h a t  the  
s e n s i t i v i t y  rhythm to  methyl p a r a t h i o n  was more pronounced in  w e e v i l s  
e n t r a i n e d  under  a 10-14 hour l i g h t - d a r k  regimen was no t  s u b s t a n t i a t e d .  
In  f a c t ,  most o f  th e  ev id en ce  f o r  a s e n s i t i v i t y  rhythm was based on 
r e s u l t s  o b t a in e d  u s in g  w e e v i l s  from a 14-hour  p h o to p e r io d .  There 
was no ev idence  f o r  any rhy thmic  r e sp o n se  to  methyl  p a r a t h i o n  in  
l i g h t  u n e n t r a i n e d  b o l l  w e e v i l s  from a 24-hour  p h o to p e r io d .  B o l l  
w e e v i l s  o f  s e v e r a l  ages  (4-12 days)  were u t i l i z e d  in  t h e s e  e x p e r im e n ts .  
The ages  o f  t h e  w e ev i l s  used in  t h e  e x p e r im en ts  t h a t  gave ev idence  of  
a s e n s i t i v i t y  rhythm were 10-12 d a y s .  However, w e e v i l s  o f  t h i s  same 
a ge ,  i n  most i n s t a n c e s ,  d id  n o t  e x h i b i t  a s e n s i t i v i t y  c y c l e .
House f l i e s  from t h e  t h r e e  p h o to p e r io d s  s t u d i e d  ( 1 0 - ,  1 4 - ,  
and 24 -hour)  showed no i n d i c a t i o n  of a rhy thmic  r e sp o n s e  t o  methyl  
p a r a t h i o n  under  t h e  c o n d i t i o n s  of  t h e s e  ex p e r im e n t s .  S e v e r a l  ages  
o f  bo th  l i g h t - d a r k  e n t r a i n e d  and u n e n t r a i n e d  house f l i e s  were 
i n v e s t i g a t e d .  A lso ,  i n  one ex p e r im e n t ,  males  and fem ales  were 
compared in  t h e i r  re sp o n se  t o  methy l  p a r a t h i o n  over  a 24-hour  p e r io d .  
The d a t a  o b ta in e d  us ing  house f l i e s  was l e s s  v a r i a b l e  than  t h a t  
o b t a in e d  u s in g  b o l l  w e e v i l s ,  a l th o u g h  fewer  numbers were ^ t rea te d
p e r  I n t e r v a l .  Where l a r g e  numbers o f  b o l l  w e e v i l s  were t r e a t e d ,  
t h e  v a r i a t i o n  was g r e a t l y  reduced .
I n  some p r e l i m i n a r y  i n v e s t i g a t i o n s ,  th e  e f f e c t s  o f  age on 
t h e  s u s c e p t i b i l i t y  o f  bo th  b o l l  w e e v i l s  and house  f l i e s  t o  methyl
4
p a r a t h i o n  was examined. I n  gene_ral,  b o th  i n s e c t s  e x h i b i t e d  g r e a t e r  
t o l e r a n c e  t o  methyl p a r a t h i o n  as  t h e y  became o l d e r .  I t  was a l s o  
d e m o n s t r a te d  t h a t  d a t a  o b ta in e d  by d i f f e r e n t  t e c h n i c i a n s  u s in g  th e  
same equipment and te c h n iq u e s  can be s i g n i f i c a n t l y  d i f f e r e n t .
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